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ABSTRACT 
Isosaccharinic acid (ISA) was synthesised according to the procedure given by 
Whistler et a! [8]. In order to study the role of cellulose degradation products, pure 
cellulose was degraded with Ordinary Portland Cement (OPC) at pH=l3.5 applying 
microwave energy. Chromatographic separation and identification of the degraded 
products have shown that short chain aliphatic hydroxy carboxylic acids such as 
formic, lactic, acetic, glycolic, are minor products and ISA is the major degradation 
product of the cellulose. 
The HPLC results of ISA, synthesised according to [8] and ISA obtained by 
degrading cellulose were compared. Both HPLC result were similar. 
High Performance Liquid Chromatography (HPLC), Ion-Exchange methods, 
Column Chromatography, combined technique of Gas Chromatography Mass 
Spectroscopy (GC-MS), Infrared Spectroscopy (IR), Nuclear Magnetic Resonance 
Spectroscopy (NMR: 1H; 13C), Atomic Absorption Spectroscopy (AAS), X-Ray 
Fluorescence Spectroscopy, Polarimetry, elemental analysis(CHN), melting point 
methods and UV -Spectrophotometry techniques were applied for the separation, 
identification, and characterisation of isosaccharinic acid. Ring opening of the a-D-
isosaccharino 1,4lactone was analysed applying UV-Absorption Spectrophotometry, 
Infrared and Polarimetry techniques. Potentiometric titration was used to determine 
the dissociation constant ( pK.) of ISA. Its step wise stability constant (log K) and 
overall stability constant (log ~) with divalent and trivalent metal ions such as Co2+, 
Ni2+, Ca2+, Eu3+ in the pH range 3-13 at ionic strength ofO.l (1=0.1) was also 
investigated. Acid-Base titration at high pH (pH 12.5-13 .5) was used to determine 
whether or not deprotonation occurs from the hydroxyl (OH) group of the ISA and 
also the formation of the alkoxy group in the molecule of the organic acid. In general, 
the high pH experimental work was necessary due to environmental and nuclear 
interests. To calculate the pK. and the stability constants of IS A-metal complexations, 
and to obtain the percentage distribution of M, L, H in a titration mixture, Best, Pkas, 
Spe, computer programs were used. 
Stability constant experimental studies applying anion-exchange method, according to 
Schubert, at pH 13 and at pH 7 were carried out using strong cation-exchange resin. 
In addition, an e1ectromigration technique was used to determine the stability 
constants of glycolic, gluconic, ISA Iigands with Tb3+ at pH 7. 
UV-Absorption experiments, to determine stability constants and complexation 
behaviours according to Joyce and Pickering [ 128] were used for Gluconic , 
Glycolic, and ISA Ligands with Ce3+, Ni2+ at pH 7 and pH 13. 
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CHAPTER ONE 
Introduction 
I 
INTRODUCTION 
One option for nuclear waste management is that intermediate level radioactive waste 
[ILW:>4GB/t a emitters] and> 12GB/t] beta-gamma [~,y] emitters] maybe 
disposed of in a deep underground repository. This repository would be approximately 
900 meters below ground. The intermediate-level waste [ILW] contains, wood, 
cardboard, fireboard [I] as well as solid organic polymers, like polyvinyl chloride 
(pvc) and a high proportion of cellulosic waste materials (pure cellulose, cotton, 
tissues and recycling paper). The waste will be compacted, packed and sealed in 
stainless steel drums. These drums will be placed into a deep underground repository. 
When the repository is full, it will be backfilled with cement. 
After closure of the repository, resaturation of the near-field by groundwater ingress 
will take place and the waste will be progressively exposed to the resulting highly 
alkaline (from cement dissolution) near-field pore water. The chemistry of this 
aqueous environment is dominated by high pH and anoxic conditions (from canister 
corrosion) which creates a chemical condition in which some radionuclides are 
expected to be insoluble in ground water and therefore immobile in the repository. 
However, the cellulosic waste materials present in the IL W will degrade in the highly 
alkaline near-field pore water and form water soluble Iigands. These water soluble 
complexant may increase the mobility of some radionuclide by forming water soluble 
complexes. Since hydrolysis is regarded as a reverse of condensation process 
(reaction), several condensation polymers, among them the cellulose undergo 
hydrolysis reaction [2] [51]. Therefore, the hydrolysis reaction is likely to be one of 
the routes for the release of water soluble organic species in the waste (ILW, LLW). 
The degradation of cellulose in the water saturated repository will result in a range of 
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organic acids, polyhydroxycarboxylic acids being formed. Previous investigations 
have cited that, different cellulosic materials ( pure cellulose, cotton, tissues, and 
recycling paper) were degraded under the chemical conditions of cement pore 
water(pH 13.3) and were characterised by applying various analytical techniques such 
as HPIEC, HPAEC, GC-MS, MS/MS as well as high resolution proton resonance 
NMR spectroscopy. Results showed that the main degradation products of pure 
cellulose are the diastereomeric alpha isosaccharinic acid ( a-ISA) and beta 
isosaccharinic acid (~-ISA), which accounted for 80% of total dissolved organic 
carbon formed. Minor components were found to be short chain aliphatic hydroxy 
carboxylic acids such as formic (HCOOH), acetic (CH3COOH), lactic (CH3-CH-
(OH)-COOH), comprising less than 10% of total dissolved organic carbon. 
Although previous studies showed that cellulose degrades mainly to iso-saccharinic 
acid very little is known about the physical chemistry of the acid. ISA is not 
commercially available and has to be synthesised in the laboratory. The solubility and 
the stability constants of this acid are currently estimated for use in the speciation 
studies with respect to nuclear waste. Therefore, knowledge of solubility, sorption, 
complexation, stability and hydrolysis constant determinations ofradionuclide 
interactions with ISA are essential to assess the role of ISA in radionuclide mobility 
CHAPTER TWO 
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2.0 Theory 
2.1 Cellulose 
2.1.1 Degradation Mechanisms 
Cellulose consists of D-anhydroglucopyranose units, which are known as glucose 
units. These units are linked by aB-glucoside link to the C-4hydroxyl of glucose as in 
the disaccharide cellobiose (B-1 ,4glycosidic bonds). These bonds are illustrated in the 
Figure below. 
n-2 
Figure 1: The structure of cellulose 
Under alkaline anaerobic conditions at temperatures below and about l70°C, 
the glycoside cellulose molecule linkages are stable to alkali reaction [3] [ 4] 
[140]. Cellulose degrades by f3-alkoxycarbonyl elimination giving a range of 
products. During the elimination, the B-l, 4-glycosidic bond breaks. The 
elimination reaction known as the peeling reaction takes place from the 
reducing group at the end of the chain. The reactive end of the cellulose chain is 
then regenerated, when the 4-0-substituted chain gives a new reducing end 
molecule called 
4-deoxy-2,3-hexodiulose, which results in rearrangement to 2-C-
(hydroxymethyl)-3-deoxypentonic acid [93].This molecule either undergoes 
further reaction or rearrangement, to give a number of possible organic 
products. In this way the Cellulose molecule is degraded. This reaction is called 
the peeling reaction. The cellulose chain may continue to degrade to 
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completion, provided that no other type of reaction occurs. However, complete 
degradation of cellulose molecule does not occur, because of a competing 
reaction, which takes place at the reducing end groups and produces new end 
groups which are stable to alkaline attack. However, a termination reaction 
occurs when an hydroxyl group at C-3 is eliminated. This gives a benzilic acid 
type rearrangement (BAR) to form end groups which are stable in aqueous 
alkaline. These acid hydrolysis products of the alkali-cellulose are degradation 
end products, and are known as 3-deoxyhexonic acid units, to which the D-
glucometasaccharinic acid belongs. The degradation of cellulose under alkaline 
anaerobic conditions can be interpreted in terms of competition peeling 
(initiation, propagation) and termination (stopping) reactions [2][3)[131 ]. 
Figure 2: The peeling reaction of cellulose [2] 
Previous investigations [1] [2] have shown that the relative reaction rate of the 
peeling reaction is 100 times faster than the stopping reaction. Further more, the 
Arrhenius activation energy for the peeling and for the stopping reactions were 
found to be 103 kJ/mol and 135 kJ/mol respectively [3] [131]. 
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2.2 Monosaccharides 
Glucose is by far the most abundant monosaccharide. It is an aldohexose, which 
means that is a six-carbon sugar with a terminal aldehyde group shown in the 
structure: 
To gain an understanding of the mechanism of cellulose degradation, a simple 
molecule such as D-glucose may be considered. In aqueous alkaline 
environment, cellulose can be thought of a single terminal glucose unit 
substituted by the rest of the chain at the 4-position. The first action of dilute 
alkali on a solution of D-glucose is to convert it into a mixture of three sugars. 
These sugars are shown in Figure 3. 
As it is shown in the reaction mechanism in Figure 3, ion (N) yields mixture of 
3-deoxy-D-arabino-and D-ribo-hexonic acids (D-glucometasaccharinic acid). 
Ion (V) gives a mixture of3-deoxy-2-C-(hydroxymethyl)-D-threo and D-
erythro-pentonic acids (D-glucoisosaccharinic acid). 
Ion (VI) gives a mixture of 2-C-methyl-D-threo and D-erythro-pentonic acids 
(D-glucosaccharinic acid). 
All these three ions slowly form deoxy aldonic (saccharinic) acids. These acids 
arise by an elimination reaction of the hydroxyl group (OH) to the negatively 
charged oxygen atom (e-o-) of the intermediate ion(V) and (VI). These acids 
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have been found to be end group species. The hydroxyl function at C-1 is 
eliminated, therefore predominant products are: 
D-glucometasaccharinic acid (X) 
D-glucoisosaccharinic acid (XI) 
D-glucosaccharinic acid (Xll) 
This 13-hydroxy aldehydes reaction is therefore often called 13-hydroxy carbonyl 
elimination [3][93][142]. 
2.3 Polysaccharides 
Combination of two or more ofthe simple sugars through glycoside linkages 
give polysaccharides. If ortho-substituted derivatives of a simple sugar are 
degraded by alkali (e.g.3-0-methyl-D-glucose) the methoxide ion (CH30) will 
be eliminated instead of the hydroxyl ion (OH). As a result, 3-deoxyhexonic 
acids (X) are produced [135].This process is known as 13 alkoxycarbonyl 
elimination. The reaction of 4-0-substituted derivative (e.g.4-0-methyl-D-
fructose) produces 3-deoxy-2-C-(hydroxymethyl) pentonic acids (XI). This 
reaction is called Lobry de Bryn/Aiberda van Ekenstein transformation [3]. 
2.4 Alkaline Cellulose Degradation Products 
There is extensive work reported about the formation mechanisms and the 
identities of some alkaline degradation products of cellulose 
[143][144][145][146]. 
Through the reaction of anaerobic alkaline degradation of cellulose, several 
mono, dicarboxylic acid species have been identified [2][142], including 
glycolic, ethanoic, formic and 3,4-dihydroxybutanoic.These acid arise from: 
a) the cleavage bond of 4-deoxy functional group 
(e.g. 3 ,4-dihydroxybutanoic) 
8 
b) the cleavage of the 4-deoxy-2,3-hexodiulose 
(e.g. glycolic) 
c) through fragmentation reaction (either two carboxylic acid group or one 
acid and one aldehyde group) 
d) condensation reaction (aldol condensation type reaction) 
e) Elimination (alkoxy elimination) 
The alkoxy elimination occurs according to Nef-Isbell mechanism [148][149]. 
However, the major alkaline degradation products under anaerobic conditions 
have been identified as 2-C-(hydroxymethyl)-3-deoxypentonic acid, 
isosaccharinic acid, (ISA). In solubility and sorption studies of the cellulose 
degradation products, the ISA is a major interest because of its complexing 
abilities with radionuclides [I] [4]. 
Figure 5: (erythro and threo isomers of 2-C-(hydroxymethyl)-3-deoxy-D-
pentonic acid (ISA) 
a) H-COOH (Formic Acid) 
b) CH3-COOH (Acetic Acid) 
(c) CHz-COOH (Glycolic Acid) 
I 
OH 
(d) CH3-CH- COOH (Lactic Acid) 
I 
OH 
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(e) HOCH2-CHr-C-COOH (3-deoxy-tertonic Acid) 
1\ 
H CH20H 
f) HOCHr-CH-cHr-C-cOOH (3-deoxy-D-pentonic Acid) 
I 1\ 
OH H OH 
g) HOCH2-c-cH2-COOH (3,4-dihydroxy-butanoic Acid) 
1\ 
H OH 
Figure 6: Alkaline degradation products of cellulose [2] 
2.5 Isosaccharinic Acid (ISA) 
ISA is an aliphatic hydroxy carboxylic acid. Since it consists of one OH (hydroxyl) 
group in the alpha position (a) it is an a hydroxy carboxylic acid. If the OH groups 
are located in the alpha position it is called a -lactone and if the OH groups are 
located in the beta position it is called ~-lactone. Most naturally occurring hydroxy 
carboxylic acids are chiral and thus exhibit optical activity in the pure form and are 
usually crystallisable [[11][13][15][16]. In the cellulose industry enormous quantities 
of hydroxy acids are formed as waste from wood polysaccharides especially during 
kraft pulping. One of the main base catalysed degradation products of cellulose is 3-
deoxy-2-C-hydroxymethyl-D-pentonic acid (glucoisosaccharinic acid), by reducing 
this product, the corresponding 3-deoxy-2-C-hydroxymethyl-D-erythro-pentono-1 ,4-
lactone is obtained. This product is also known as, a-D-isosaccharino-1 ,4-lactone. 
It is readily obtained by alkaline treatment of abundant sugars. The mechanisms of 
formation ofisosaccharinic acid a-D-isosaccharino-1,4-lactone occurs by a-
elimination of the hydroxyl groups with formation of the a-dicarbonyl derivative, 
which finally undergoes a benzylic acid type rearrangement as below. 
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Figure 7: The formation and benzylic acid type rearrangement of the lactone-
ISA [11) 
2.5.1 Lactone-ISA (a-D-Isosaccharino-1,4-Lactone) 
Crystal structure analysis [9] ofLactone-ISA has shown that the configuration of this 
a-D-isosaccharino-1,4-lactone, is a furan compound which has five member ring with 
an envelope confirmation and it is solid. 
In aqueous phase, the lactone hydrolyses to the free acid, and becomes a straight 
chain molecule, especially in the presence of strong base like KOH, NaOH .The ring 
opening reaction of the lactone-ISA is induced by carboxylate anion, implying alkyl-
oxygen bond scission with the inversion of configuration at the chiral carbon atom. 
The straight chain molecule can be either a and ~ isomers ofiSA. The kinetics of the 
ISA I ,4 lactone is not as well studied as gluconic acid. Previous investigations have 
shown that the lactones of gluconic acid, exist both in the solid state and also in 
aqueous solution, where they are in equilibrium with each other and with the free 
acid. This complex equilibrium is influenced by the dissociation of the free acid, 
which has a reported dissociation constant Ka = 1.99* 10-4 Mol/ dm3 and pKa of 3. 70 at 
25°C [128]. 
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The D-Gluconic acid reaction shows that a dehydration of the acid molecule (-H20) 
gives the lactones 1,5 ( S-Lactone) and 1,4 
( y-Lactone) of the acid and the hydrolysis of the lactone gives the straight chain 
molecule. The rate of hydrolysis is given by -dCr/dt = KCL where CL is the 
concentration of the lactone. This expression indicates that by adding a strong base 
e.g. NaOH the Oir ion strongly catalyses the opening of the lactone ring. Previous 
investigations have shown that at neutral pH region the hydrolysis of gluconic acid is 
quite slow and its activation energy is 62.8 kJ/ mol [53]. 
2.5.2 Laboratory Preparation 
The lactone ofiSA (a-D-isosaccharino-1,4-lactone) is prepared by the reaction of 
alkali on 4-ortho substituted D-hexsoses. These include maltose, cellobiose. For 
research purposes, ISA is usually prepared by alkaline treatment of lactose following 
the process reported by Whistler et al [8]. The 2-C-(hydroxymethyl)-3-deoxy-D-
erythro-pentonic acid, is prepared and isolated as a 1,4 lactone by the degradation of 
lactose in aqueous calcium hydroxide. The lactonisation takes place at the fourth 
carbon atom (C4) that contains the COOH and the OH functional group. Lactose is a 
4-0-substituted glucose species and readily undergoes an alkoxy elimination, 
analogous to that of cellulose. After preparation, the erythro isomer crystallises as 
calcium-isa [Ca(ISA)z]salt on cooling. The calcium ions are removed from the 
mixture with oxalic acid (HOOC-COOH) and cation exchange resin Dowex AG 50 
W and crystallised from ethyl ethanoate to obtain the 1,4 lactone. 
The ISA which is the main product of alkaline hydrolysis of cellulose is contained in 
a black liquor [12][13]. Generally, the supematant liquors from the alkaline 
degradation of cellulose and hydrocellulose have an intense yellow or some times 
brown colour. This comes from the reduction of the terminal units in the 
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hydrocellulose chain molecules. Furthermore, most of the 4-deoxy-D-glycero-2-3-
hexodiulose gives rise to acids as shown in figure 3 (Alkaline Degradation of 
Cellulose). However, some part of it is converted into a yellow compound. Previous 
investigations have identified that the compound is a p diketone [3][93][141][142]. 
This compound gives in the alkali solution enolisation reaction, through which 
negative charge of the enolate anion (yellow anion) occurs as it is shown in the 
equation below. 
0 0 0 OH 0 o-
\\ 11 \\ I \\ I 
C-CH-C + Oir .: C-C=C ~ C-C=C +H+ 
I I \ I I \ I I \ 
RI R3 R2 RI R3 R2 R1 R3 R2 
Figure 8: P-diketone reaction in alkali to enolate anion [3) 
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Figure 9: Synthesis of a.-D-isosaccharino-1,4-lactone(ISA)from a.-lactose and 
Ca(OH)z [8]. 
(I) a.-Lactose 
(ID Calcium-a.-D-Isosaccharinate 
(liD a.-D-Isosaccharino-1,4-lactone 
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Figure 10: Molecular structure of3-deoxy-2-C-hydroxymethyi-[(D-erythro(I) 
and D-threo(II)-pentonic acid (a and ~-isosaccharinic acid) and a-D-
isosaccharino-1,4-lactone(III) [9) [93) 
(I) a-isosaccharinic acid (11) ~-isosaccharinic acid (Ill) Lactone-ISA 
2.6 Equilibrium Constant 
The calculation of a stability constant from equilibrium data of single or 
multicomponent systems can be achieved by using the computer programs BEST and 
PKAS [1 08]. An equilibrium constant is defined as the ratio of products of the 
activities of the reaction products, raised to appropriate power, to the product of the 
activities of the reactants, raised to the appropriate power as shown below. 
xA+ yB ""'mC+zD 
a= activity 
a x x aY 
A B 
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Therefore, equilibrium constant is a quotient involving the concentrations or activities 
of reacting species in a solution at equilibrium [1 08]. The equilibrium constant, K, for 
the formation of a metal-ligand complex, ML 
(where K= a ML I a M* a L) is a useful thermodynamic quantity. It is related directly 
to the Gibbs standard free energy change for complex formation . The relationship 
between the equilibrium constants, K and the Gibbs standard free energy change of 
complex formation I1G0 is: 
This in turn contains contributions from the standard enthalpy (I1H0 ) and standard 
entropy (118°) changes accompanying complex formation: I1G0 = !1H0 -TI1S 0 ( 11G and 
11H are given in kJ I mol), 118 is given in kJ ldeg.mol). At constant pressure the 
equilibrium constant, K is temperature dependent. A change in temperature will result 
a change in equilibrium and hence a change in equilibrium constant value. Assuming 
that, both I1H0 and 118° are temperature independent over the temperature range used 
during the experimental run, the temperature dependence ofK can be expressed by 
the van't Hoff equation: 
d(Ink) = 11 H 
dT Rr 
Because of these logarithmic relationships, and the fact that stability constants are 
usually numerically large, they are frequently expressed in a logarithmic form, 
generally as logwK (log K to the base 1 0) [ 1 08]. 
To determine a thermodynamic equilibrium constant, ions have to be in infinite 
dilution. Since constants are measured infinite solutions, and are not true constants. 
However, they are multiplied by activity coefficients to obtain the true 
thermodynamic constant. This correction is governed by the concentrations of all the 
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ions and their charges in the solution. This measurement is expressed as the ionic 
strength and is defined as: 
I= 0.5 Ecz2 
where c and z represent the concentration and charge of the individual ion 
respectively. The ionic strength is controlled in the reaction by a non-reacting solution 
(background electrolyte). The background electrolyte helps to minimise the deviation 
from an ideal infinite dilute solution. The background electrolyte should be soluble in 
water and should not interact with the physical and chemical properties of the analyte. 
During the entire measurement of the equilibrium constant of a co-ordination 
compound, the supporting electrolyte maintains the compound at constant ionic 
strength. The following equation indicates stability constant determined at a constant 
ionic strength. 
aA +bB ""' cC+dD 
Kc=[CJc x(D]d 
[A] a X [B] b 
the bracket [ ] indicates molar concentrations. The constant ionic strength enables the 
quantities involved to be substituted directly into the mass balance equations which 
are employed for the stability constant and protonation constant calculations. Stability 
constants primarily deal with aqueous equilibria, and these constant will be described 
in terms of hydrogen ions [W], metal ions [M'] and ligands [L]. The hydrogen ion 
[H+] and the metal ion [M+] are called combined Lewis acid species and the ligand 
[L] is called the basic donor species. For convenience of setting up a generalised 
algorithm for computational purpose, the stability constant is expressed in terms of 
overall constants known as ~. instead of the stepwise constants (K). Stepwise 
constants refer to any designated step in the complex formation. The overall stability 
constant of a complex for example, MpHqLr, [(where M (metal),L(ligand), 
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H(proton)] and p,q,r are stoichiometric integers, is generally expressed as a J3 value, 
and it refers to the complex formation of the participating species, according to the 
following reaction: 
Mp+Hq+Lr = MpHqLr 
2.6.1 Representation of Equilibrium Data 
Proton or hydrogen ion ( H') complex formation constants are generally expressed as 
stepwise constants. The equilibria and the formation constants are: 
[HL] HL [H2L+] 
KHL=---
[H+][L-] 
KH2L =---
[W] [HL] 
The overall formation constant for the reaction is: 
2H + + L-.,. H2L+ and is expressed as: 
HL [H2L+] 
K =----
H2L [H+J2 [L J 
This expression shows that the acid dissociation constants, Ko are the 
reciprocal of formation constants: 
[W][L l 1 
---=--
[HL] KHL 
Hence log KHL = pKo , the pK values for dissociation reactions are identical to log K 
values for complex formation reactions. Throughout this evaluation 
Formation constants will be used for both proton and metal complex formation. 
Therefore, this expression indicates the relationship between the dissociation constant 
(pK,) and the Log K value. Formation constants of complexes with metal ions are 
generally quoted as overall formation constants, J3 xyz, which refer to formation of 
the complex MxHyL.· Sometimes a stability constant reaction is expressed in negative 
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subscript values such as ~l-It. These values refer to stability constant reactions in 
which a hydrogen ion (If") which normally does not dissociate is eliminated e.g. 
M+L~M (H-1 Lt+W .The hydrogen ion may originate either from the ligand 
molecule or from the co-ordinated water molecule. 
2 .6.2 Protonation of Ligands 
Generally the equilibrium for the protonation a ligand can be shown as follows. 
[HnL] 
If'+ H n-IL- ~H.L (n2:2) Kn= ---
[H+][H n-IL l 
For the combination of ligands with metal ions the equilibrium can be expressed as: 
[ML.] 
ML.-I++L-~ML. Kn1= 
[ML n-1 +][L-] 
2.6.3 Expressions of the equilibrium constants K for isosaccharinic acid (ISA) 
[HISA] 
W+ISK~HISA K~=---
[W][ISK] 
[H n-1ISA] 
H+ +HniSK~ Hn-IISA (n2:2) K12=----
(H'] [HniSK] 
Using the structure formula ofiSA, K1 and K2 can be shown as follows: 
CH20H-CHOH-CH2-C(OH)-CH20H-COOH (Sum: CJI1206) 
K I (ISA) = 
KI2(1SA) = 
[ CH20H .CH2 OH.CH2.COH.CH20H.COOl 
[H+][CH20H .CHOH.CH2.COH.CH20H.COO-] 
[CH20H.CH20H.CH2.COH.CH20H.COOH] 
[lf'][CH20H .CH20H.CH2. COH.CH20H.COO-] 
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and therefore, the stepwise formation constants K of Europium (Eu) with a ligand (L) 
can be expressed as: 
EuL n-t +L-""' EuL n 
[EuLn] 
Kn= ----
[EuL n-I+][L l 
2.6.4 Equilibrium expression for the interaction of Eu with ISA: 
EuiSA2+ + ISA -""EuiSA2 + (n~2) 
EuiSAt + ISA-""EuiSA3 
[ EuiSA2+] 
[Eu3+] [ISA l 
[EuiSA2+] 
K2=------
[EuiSA 2+] [ISA -] 
[EuiSA3] 
[EuiSA2 +] [ISA -] 
[Eu (CH20H.CHOH.CH2.COH.CH20H.COOr ]2+ 
K1 (Eu-ISA) = ------------------
[Eu 3+] [CH20H.CHOH.CH2.COH.CH20H. COOl 
2.7 Stability Constant 
To determine the stability constants of metal-ligand complexes, potentiometry, ion-
exchange, spectrophotometry ; electromigration techniques were used during this 
work. 
19 
2.7.1 Measurements by Potentiometric Method 
Potentiometry is the most widely applied electrochemical technique as a measure of 
acidity or alkalinity of aqueous solution. It is also used to determine protonation 
constants of an acids (pKa value) and metal-ligand stability constants (log p). 
2. 7.1.1 Application of Potentiometry 
Potentiometry is applied: 
a) When the extent of complex formation depends on the hydrogen ion concentration 
i.e., the extent of complex formation increases as the pH increases. 
b) When the complex systems being investigated do not involve a colour change or 
absorbance change. 
Furthermore, the displacement of one ligand by another may be followed by 
potentiometry, if the sums of the protonation constants of the ligands are appreciably 
different. 
Potentiometric measurements can not be applied: 
a) When complex formation is insensitive to pH because the ligand is weakly basic 
and has little or no affinity for hydrogen ions. 
b) If a complex is so stable that it is completely or nearly completely formed at the 
lowest measurable pH. 
When potentiometry can not be employed, spectrophotometry or electrochemical 
methods may be applied. 
2.7.1.2 pH Measurements of Organic Acids 
Potentiometric titration of the mono, di, tri, hydroxy carboxylic acid with strong bases 
like NaOH and KOH gives sufficient information about : 
a) the protonation constants (pKa) of the acid 
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b) the degree of ionisation of the functional groups (for example COOH). A plot of 
pH vs. (meq/g) or volume of the base (OH) gives the neutralisation point and the 
equivalent point of the acid, from which the pKa value can be determined. 
2.7.2 Measurements by Anion Exchange Method 
2.7.2.1 Metal Complexation Reaction with Hydroxy Carboxylic Acids 
To investigate the complexation of metal with hydroxycarboxylic acids, the Schubert 
method which uses anion exchange resin was used. Experimentally, the distribution 
coefficients (Kt) of the metal of interest between the resin, and the equilibrium 
solution is measured respectively in the absence and in the presence of varying ligand 
concentrations. The ratio of a metal (M) bounded by a ligand (L) to the free metal 
concentration, is described as Mb I Mr. To calculate the stability constant using the 
Schubert method, other reactions must be taken into account. These reactions may be 
expressed in A term. 
2.7.2.2 The A Term 
The A term (side reaction coefficient) [107] was calculated using stability constants 
for metal hydrolysis products taken from the HATCHES database. A term for each 
metal was calculated as follows: 
Yi = activity coefficients. The activity coefficients are calculated using the 
Davies extension of the Debye -Hiickel equation given by: 
vi 
Logyi =.Azi2 (------0.3*1) 
<I +vi) 
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1.82 *106 1 
A= 1=-LC;Z/ 
(eTi12 2 
Where I is the ionic strength of the solution, Z; the charge of the ion i and A is a 
constant, e is the dielectric constant of water (depending on the temperature) and T is 
the absolute temperature in(K)[99][105][125]. 
I) A value for Samarium3+ 
A=1+ P1•[Y *OH]+ P 2•[ y *OH] 2+ p 3 * [y*OH] 3 
Concentration ofNaOH, [OH]= 0.3M 
Logy; = -0.51*(-1i ( --!0.3 /1+--!0.3 +03*0.3) 
Log y i = (-) 0.51 *0.4438= 0.226338 
Logy; = -0.226338 
Y = 10 -0.226338 - 11 10 o.226338 = 0.5938 
y = 0.5938 (activity coefficient derived from the Davis Equation) 
[Sm(OHht LogP1=6.6 P1(antilog)=3.981* 10 6 
[Sm(OH)4]- Log p 2 = 5.9 p 2 (antilog) = 7.943 * 10 5 
[Sm(OH)3]0 Log p 3 = 16.5 p 3 (antilog) = 3.162 * 10 10 
A= 1.76 * 10 6 Log A= 6.245 
11) A value for Europium J+ 
A= 1 + P 1 * [y *OH]+ p 2 * [y*OH] 2 + p 3 * [y *OH] 3 + p 4 * [y*OH] 4 
[Eu(OH)2t Log p1 = 6.00 PI= 1*106 
[Eu(OH)4]- Log p 2 = 10.32 p 2 =2.089* 10 9 
Eu (OH)3 ° Logp3=15.ll p 3 = 1.288 * 10 15 
[Eu(OH)] 2+ Log p 4 = 17.00 p4 =I* 10 17 
A= 1.0524 * 10 14 Log A= 14.022 
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Ill) A value for Nickel 
*C03] + ~ 2 * [y * HC03] 
[Ni(OH)t Log~=4.1 ~I = 1.2589* 1014 
Ni(OH)2 Log~ =9.0 ~2=1*109 
[Ni(OH) 3 Log ~ = 12.0 ~3=1*10 12 
[Ni(OH) 4 ]2- Log ~ = 12.0 ~ 4= 1*10 12 
NiC03 Log ~ = 6.87 
[NiHC03t Log ~ = 2.14 
A= 6.557 * 10 9 LogA=9.816 
The A values were calculated without taking the carbonate concentration into 
account. 
2. 7 .2.3 Schubert Expression 
The Schubert Method is based on the following relationship: 
K.t 0 ~ 1 [LJ + ......... +~m [L]m 
--1 
K.t A 
1=--
K.t Mr* A 
In this equation K.t 0 and K.t are the distribution coefficients of the metal ion between 
the resin and the solution, in the absence and in the presence of ligands. 
[L] represents the ligand concentration in the reaction mixture (mol dm"3 ). ~~and ~" 
represent the overall stability constants, where [M] is a metal that can be bound by the 
ligand. 
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The distribution of the metal between the resin [Mres] and the solution in the absence 
of ligand (K!O) can be expressed as follows. 
Mx+ + Resin .,. [M res] 
Mx+ + n ISA .,.[M(ISA)n] 
[M,es] 
[Mx+]A 
Where A= 1 +~~[OH l +MOH l 2 + ~3[0H l 3+MOH l 4 
[ Mres] 
Kl= ----------------------
[Mx+ ]+ [Mx+] ~~ [OH']+ [ Mx+] ~2 [OH']2 +[Mx+] ~3 [OH']3 + [Mx+] ~4 [OH't 
[M,.,] 
KJO= --------------------
Mx+ { 1 + ~~ [OH'] + ~2 [OH']2 +~3 [OH']3 + ~4 [OH·t} 
The distribution of the metal between the resin [M,.,] and the equilibrium solution 
[Msol] in the presence of Iigand(Kf) is 
[Mnes] (moVg) 
Including the metal- ligand interaction: 
[M res] 
KJ= 
[M,.,] 
Kl =----------------------
[Mx+l A+ [Mx+] ~~ [1]1 +[Mx+] ~2 [1]2 +[Mx+] ~3 [1]3 + [Mx+] ~4 [1t 
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[Mres] 
~ =---------------------------
~0 = 
=-----------------------------------
Kd
0 A+PI[L] 1 + P2[L]2 + MLJ3 +P4[L]4 
= 
~ A 
~0 A PI[L] 1 + Pl[L]2 + ML]3 +P4[Lt 
= --+ 
Kd A A 
~0 PI[L]1 + Pl[L]2 + MLf+p4[Lt 
= I+----------
~ A 
A 
~o PI* [L] 
--1 = 
~ A 
The equation of the Schubert expression can be expressed generally as shown above 
and the overall stability constant (p) is then: 
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K.!o -I<.! ~[L] 
= 
I<.! [A] 
K.!o A 
~=(--I)* 
I<.! L 
The overall stability constant applying the Schubert expression is obtained from y 
intercept of the following diagram. 
K.!o 
Log(--I) *A versus [L] 
I<.! 
If trace concentration of metal is used, the ligand concentration at equilibrium 
approximates to the initial ligand concentration. Converting the equation by taking the 
log on both sides, the equation is linearised[ 67]. 
Equation I: Log <Kl_- I) =Log~~+ Log [L]-Log A 
I<.! 
Equation2: Log(Kg -I)= Log~2+2*Log[L]-LogA 
I<.! 
Equation 3: (K/-I)* A= ~1[L] 1+ Pl[L]2+~3[L]3+ ~4[Lt 
I<.! 
For I:I metal-ligand reaction the Schubert expression is applied and equation (I) is 
used. For I :2 metal-ligand reaction, equation (2) is used and if a mixture of species is 
present equation (3) is used. 
2.7.3 UV Spectrophotometry 
Most UV-VIS spectra are obtained by measuring the intensity of the absorption of 
monochromatic radiation across a range of wavelengths passing through a solution in 
a cuvette. The practical wavelength region extends from I90-400nm (UV range) and 
from 400-780 nm (VIS range). 
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In a typical experiment, a light beam of intensity Io. strikes a sample consisting of a 
quartz or glass cell containing a solution. After passing through the cell, the light 
beam has a reduced intensity I due to reflection losses at the cell windows, absmption 
in the sample and eventually by scattering at dispersed particles. 
Only the absorption losses are caused by the dissolved sample. The run is repeated 
using an identical cell containing only solvent to compensate for reflection and 
scattering losses, and the transmittance T is calculated using the equation T=log loll. 
The intensity of an absorption band, i.e the absorbance (A), is proportional to the 
number of absorbing species in the illuminated part of the cell. It is defined by the 
equation. 
A= -log T (A= absorbance; T= transmittance) 
A =If 10 ( Io= transmitted intensity; I= reduced intensity) 
A= -log T=log loll 
Further A= &cd where d=the cell thickness (path length) (cm), c= the concentration 
of the solution (mol dm-3), and Ea substance-specific proportionality constant called 
the molar absorptivity [E = N c*d (L*mo1'1 cm-1 )]. 
The value of E is a characteristic of the absorbing substance at a particular wavelength 
in a particular solvent and is independent of the concentration and of the cell 
thickness. The equation A= &cd is a fundamental law on which colorimetric and 
spectrophotometric methods are based and it is associated with the Lambert-Beer, or 
more simply Beer's law. 
2. 7.3.1 Beer's Law 
Beer's law states that the amount of radiation absorbed or transmitted by a solution or 
medium is an exponential function of the concentration of absorbing substances 
present and of the length of the path of the radiation through the sample. 
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Furthermore, the law states that a plot of absorbance versus concentration should give 
a straight line passing through the origin with a slope equal to ed . However, 
deviation from direct proportionality between absorbance and concentration are 
sometimes encountered .In these cases, a nonlinear working curve may be prepared by 
measuring the absorbance of known and unknown concentrations under the same 
experimental conditions. For a given system, a linear relationship exists between A 
and the sample concentration, but usually only for dilute solution (C :S 0.1 mol dm'3 ). 
At higher concentrations changes of the values of the molar absorptivity (E) may 
occur which lead to deviations from a linear calibration curve. 
2.7.3.2 Deviation from Beer's Law 
The reasons for the deviation from Beers law can be categorised into instrumental 
factors and chemical factors. These deviations may result in an upward curvature 
(positive deviation) or in a downward curvature (negative deviation). Ifthere is no 
deviation, the absorbance versus concentration diagram shows a straight line 
indicating the linear relationship between the two. 
a) Instrumental factor 
A nonlinear response of the detector-amplifier system, unstable light source, 
fluctuations in the power supply voltage and stray light, brings unsatisfactory 
performance of an instrument. 
Further more, strict conformity of an absorbing system to Beer's law requires that the 
incident radiation be monochromatic. In case of polychromatic radiation, a deviation 
from Beer's law can be expected. When polychromatic radiation consists two wave 
lengths (A. 1 and 1..2) and the intensities of these wavelengths passing through the 
solvent and the solution, containing absorbing species there will be absorbance. 
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As a result two different molar absorptivities will be obtained. The molar 
absorptivities EI and E2 are not equal. The relationship between the absorbance (A) 
and the concentration (c) will be nonlinear. If the molar absorptivity ,EI is higher than 
the molar absorptivity , ~::2 the measured absorbance A is lower than the true 
monochromatic absorbance at wavelength (A.), resulting in negative deviation and 
when E1 is lower than E2 the measured absorbance A is higher resulting in a positive 
deviation. Basically, departures from linearity will be greater, as the differences 
between the molar absorptivities (e1 and E2) becomes greater. 
Finally, spectral bandwidth (spectral slit width) of the instruments and stray light are 
among the instrumental factors which has to be can be considered by the deviation of 
Beer's law. 
b) Chemical factors: Apparent deviation from Beer's law are due to chemical 
effects such as dilution, change of pH in aqueous solution, dissolution, temperature 
change in measuring solutions all these affect the molar absorptivity, which affects 
the linearity. 
2.7.3.3 Application ofUV-Spectrophotometry to Investigate Complexation 
Reactions 
The UV -Spectrophotometry is a valuable technique for the determination of stability 
constants of a metal-ligand complex. To study metal, ligand complexes using UV-
Absorption Spectrophotometry, molar ratio and continuous-variation experimental 
methods are used. These are described below. 
A) Molar-Ratio Method 
In this method, the concentration of one component is kept fixed and that of the other 
is varied to give a series of [L] I [M] ratios. 
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The absorbances of these solutions, measured at an absorption maximum for the 
complex M0 Lp, increases linearly up to the molar ratio of the complex, at which 
virtually the whole amount of both components is complexed (assuming a little 
dissociation). 
B) Continuous-Variation Method 
The molar ratios may also be varied by changing the concentrations of both 
components while the total number of moles of both components are kept constant. 
This is known as continuous variation, or Job's method. This variation can be utilised 
for the investigation of the complex. The absorption coefficient [A] of a complex 
solution at a given wavelength is the sum of the absorption coefficients of all the 
species present in the solution. According to Beer's law, these coefficients are 
proportional to the concentrations. In the simplest case when mononuclear complexes 
are formed with ligand which does not itself absorb any light at the actual 
wavelength, A can be expressed by the equation. 
N 
A=Eo [M]+ LE n [MLn] 
N=l 
Eo and En are the molar absorption coefficients of the free hydrated ion and the 
complex respectively. According to the law of mass action, to investigate any 
complexation by UV, it is advisable to select a wavelength where the variation of 
molar absorption coefficient with the Ligand [L] is as large as possible. 
2.7.4 Measurement by Electromigration Method 
The electromigration method is used to determine stability constants for metal-Ligand 
complexes in solution. The method is based on the measurement of the average 
velocity obtained by a metal ion moving in a solution under a constant electric field. 
Due to the variation in velocity, the charge and size (radius) of a metal, the individual 
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ion mobilities (u;) ,the hydrolysis constants, and the stability constants of the metal 
ion in the solution are measured. Data obtained may be used to investigate the 
migration and the accumulation behaviours of various metals, for example 
radionuclides.The electromigration technique is a straight forward method. Applying 
this method the overall ion mobility (ii) of a metal ion (M"+) is measured at a constant 
temperature (298.1 K) with a well defined concentration (mol dm'3), overall ionic 
strength{!!) and pH of the electrolyte system. The electromigration tube and the 
electrode chambers are filled with the electrolyte, which consists ofligands of interest 
(HL; 12'; 1') and the buffer solution example (NaCI04/ HCI04).The electrical field 
(a constant voltage gradient ) across the migration glass tube which contains a 
platinum electrodes( cathode and anode) is inserted into the outer electrolyte 
compartments and kept constant through the experiment. The electrical field has a 
potential between 5-10 v /cm. The Electrical field forces the electrolyte solution with 
the metal-ion to migrate in the electromigration tube. It enables a continuous 
measurement of the radioactivity ( radionuclide) of interest at a constant velocity 
(cm/sec) along the electromigration tube. These values are then used for the 
calculation of the overall ion mobility of the radionuclide in (ii.I0-4 cm2 sec·1 v'1). 
2.7.4.1 Position of the Radioion vs Time correlation 
In the electromigration technique, the position of the radio ion or radionuclide in the 
electromigration tube is detected by continuously scanning the glass tube using a 
detector. A plot of position vs time (cm vs sec) correlation obtained for the migration 
of some radio ions at various electrolyte concentrations have shown linearity. 
The linearity indicates that the temperature, the electrical field intensity and the 
electrolyte composition remained constant during the entire experimental run. 
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The relationship between the individual ion mobility (Ui), the migration velocity (V), 
and the electrical field potential (.::lE) is given as follows: 
= 
The velocity (V) under the influence of the electrical force (F = v/cm) is dependent on 
the viscosity of the electrolyte in the migration tube. The viscosity is dependent on the 
density and the radius of the ions present in the solution. Taking the radius of the ions 
and the electrical force and the viscosity, velocity is calculated according to Stokes: 
F 
V=--
61!TJr 
Therefore, the force exerted on the ion of charge (Ze) by electrical field (E) is : 
E 
F=-
Ze 
And hence the radius is: 
E 
R=---
V61111Ze 
(Ze = ion charge; 11= viscosity) 
A plot velocity ( crn!min) vs electrical field (v /cm) is linear. 
2. 7 .4.2 The relationship between Migration Velocity and Stability Constant 
In the Electromigration technique the relationship between the migration velocity and 
the stability constant can be illustrated as follows: 
V calc.= 
[M] total 
Vi= Initial Velocity (cm/sec) 
[M] total = Total concentration of Metal ML = Metal , Ligand 
CHAPTER THREE 
Experimental 
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3.0 Experimental 
3.1 Synthesis of Isosaccharinic Acid 
3.1.1 Part (1): Calcium 2-C-(hydroxymethyl)-3-deoxy-D-erythro-pentonate 
lOO g of a-D(+)-lactose monohydrate were dissolved in !!iter of analytical grade water and 
15 g calcium hydroxide were added to the resulting solution. The mixture was flushed with a 
stream of oxygen free nitrogen and stirred. The suspension mixture was closed and kept for 3 
days at room temperature. 
The resulting brown solution was then refluxed for 8-10 hours and filtered whilst hot. The hot 
solution was concentrated by evaporating the solvent under reduced pressure to a volume 
about 200 m!. For this purpose a rotary evaporator was used. The solution was cooled and left 
for several days until white crystals of calcium 2-C-(hydroxymethyl)-3-deoxy-D-erythro-
pentonate were formed. The crystals were removed by filtration and washed with cold water, 
ethanol, and acetone. 
3.1.2 Part (11): 2-C-(hydroxymethyl)-3-deoxy-D-erythro-pentono-1,4-lactone 
Calcium 2-C-(hydroxymethyl)-3-deoxy-D-erythro-pentonate was suspended in 500ml 
analytical grade water. 25g oxalic acid monohydrate (C2H204.H20) were dissolved in 200g 
hot water and added to theCa (ISA)2 suspension and the mixture was stirred. It was then 
filtered while hot to separate the Ca -Oxalate (CaC204) precipitation. To remove the Ca2+ ion, 
the hot mixture was allowed to run through a cation exchange column. The column was 
2.5*50cm and filled with Dowex 50W-X8 hydrogen form (H+) resin. The eluent and washed 
column effluents were concentrated under reduced pressure to a thick white, partly yellow 
crystalline syrup. The solvent was evaporated at approximately 80°C. The semi-crystalline 
syrup was then dissolved in absolute ethanol (C2H50H) and refluxed 10 hours at about 80°C. 
The solution was then filtered and ethyl acetate (C4H802) and petroleum ether (C6H6) were 
added. The solution was left for a few days. Finally the solvent was evaporated using a rotary 
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evaporator. To avoid some impurities the lactone crystals were dissolved in ethyl acetate and 
refluxed. After cooling white partly yellow crystalline a-D-isosaccharino-1, 4-lactone, was 
obtained. 
3.1.3 Preparation of Isosaccharinic Acid (ISA) by Degrading Cellulose 
Cellulose was mixed with ordinaryportland cement (ope) and water. To obtain the degraded 
cellulose products, the mixture was loaded with 10% of the organic material (cellulose) with 
respect to dry cement. Therefore, the cellulose [(C6HJQ06)n] was added to ordinary portland 
cement (ope), in the ratio 1:9:25 i.e. cellulose: cement: water. 
To prepare !SA from cellulose using microwave technique, 12 clean microwave vessels were 
taken, and labelled. In each vessel cellulose was mixed with cement in the ratio given above. 
Finally analytical grade water was added to each vessel. The suspension was mixed properly. 
The microwave digestion vessels were placed on the turntable of the microwave system. In 
order to obtain rapid, complete, and reproducible microwave results, the reaction conditions 
(temp, pressure, microwave efficiency, digestion and extraction time) were set up on the 
instrument as follows. 
Pressure: 10 psi (per square inch) 
Microwave Efficiency: 40-60% 
Reaction Time: 3 hours 
The mixture was left for 3 hours in the microwave oven for digestion. After degradation, the 
cellulose suspension was filtered and allowed to run through a Dowex 50 W -X8 cation-
exchange resin column to separate Ca2+ which comes originally from the cement. The 
solution was then concentrated by evaporating the solvent under reduced pressure at about 
80°C. Finally the degraded cellulose products were separated by High Performance Liquid 
Chromatography (HPLC) and characterised. 
34 
3.2 Separation and Characterisation of Isosaccharinic Acid (ISA) 
3.2.1 HPLC Method 
To separate and identify the degraded cellulose products by High Performance Liquid 
Chromatography (HPLC), a Philips PU 4100 Liquid Chromatography, with PYE UNICAM 
PU 4021 multichannel detector and 11 bond pack Cl8 (3.9*300) column type T63402Vl7 was 
used. Sodium hydrogen phosphate (NaH2P04), disodium hydrogen phosphate ( Na2HP04,), 
trisodium phosphate (Na3P04) solutions were used as mobile phases. 
3.2.2 GC-MS Method 
For the glc analysis, 20 mg dry lactone-ISA sample were weighed and dissolved in lml 
pyridine. The solution was mixed with 0.2 ml hexamethyldisilazane (Me3SiNHSiMe3).The 
mixture was converted into a trimethylsilyl (TMS) derivative by dissolving the mixture in 
O.lml trimethylsilylchlorosilane(TMCS) (Me3SiCI), following the silylation method of 
Sweeley et al [132]. The mixture was placed in a small dry glass tube, stoppered, and then 
shaken vigorously for 30 seconds and allowed to stand at room temperature for 5 minutes. A 
cloudy white precipitation was formed. Finally 1 111 of the solution was injected onto a SPB5 
column of the GC. 
The GC separation was performed on HPRGC5160 Carlo Erba Instrument equipped with a 
MS 700 Finnigan MAT Iontrap Spectrometer Detector. Helium was used as a carrier gas with 
a flow rate 20ml/min and the temperature was programmed between 1 00-250°C at 1 0°C/min. 
3.2.3 NMR (13 C; 1H) Method 
To identify the protons and the carbon atoms of the lactone-ISA, Nuclear Magnetic 
Resonance Spectroscopy, (NMR) of 1H and 13C were used. The ISA sample was dissolved in 
deuterated dimethyl sulfoxide DMSO (Me2-SO-d6) solution. NMR spectra were recorded 
using a digital A V ANCE DRX 400MHZ BRUCKER Spectrometer. 
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3.2.4 IR Method 
The functional group stretching frequencies of the ISA molecule were investigated by using a 
Galaxy series Fourier Transform Infrared Spectrometer (GSFTIR}. The IR Spectra of a-D-
Isosaccharino-1 ,4-lactone (lactone-ISA) was obtained by mixing the lactone with a pellet of 
potassium bromide, as a disc (K.Brdi,). The lactone was readily distinguished by its furanoid 
ring (-0-) and carbonyl (C=O) IR-absorption bands. 
3.2.5 UV-Spectrophotometry Method to Investigate the Lactone and the Straight Chain 
Molecule of ISA 
When strong base (NaOH, KOH) is added to a lactone, the ring opens rapidly. A pH change 
from acidic range into basic range, results in a change in the structure. Therefore, a lactone 
ring breaks and the molecule becomes an open chain. A lactone molecule contains carbonyl 
functional group (C=O) and it is a furan ring. When the pH becomes higher (alkaline range) 
the carbonyl group (C=O) converts to carboxyl group (COOH). To investigate this ring 
opening characteristic ofiSA, UV-Absorption Spectrophotometry was used. For this purpose, 
about 0.1 g of the lactone-ISA (Mwt =162) were dissolved in analytical grade water and a 
solution was prepared in pH range between 3 and 10. To raise the pH of the solution, KOH 
was added. UV-Absorption (Absmax)was investigated. Two different UV-Absorption for the 
C=O and COOH functional group ofiSA were identified. In addition, Infrared Spectroscopy, 
optical activity (polarimetry) measurements gave the necessary information concerning the 
lactone character of ISA. 
3.2.6 Polarimetry Method 
The optical rotation of ISA was measured at room temperature using a Schmidt & Haensch 
combined polarimeter fitted with a sodium spectral lamp (sodium D-line) at 589 nm. The 
optical rotation ofiSA is: 
[a] T ofiSA = +62.8 
D 
[al 25 of ISA = +62.8 (C=l in H20) 
~89 
Where: 
a = observed rotation 
T= temperature COC) 
D= D-Line of sodium at A.=589nm 
36 
The optical rotation depends from the path length of the polarimeter (dm) and from the 
concentration of the sample (mol dm·3>. 
3.2.7 Element Analysis 
To determine the percentage composition of the elements in the ISA molecule, Carbon, 
Hydrogen, and Oxygen (CHO) analysis was performed. 
Prior to the elemental analysis, the lactone-ISA was re-crystallised to obtain a pure sample. 
20-50 mg of the dried ISA sample were powdered and mixed. Accurately 20 mg of the 
sample were placed in a metal capsule. The capsule was placed into a fused silica reactor 
chamber (furance) held at 850 °C. The combustion is conducted in the presence of excess 
oxygen. As a result of the complete combustion of the ISA sample, the carbon in the 
compound was converted into carbon dioxide, hydrogen and water vapour according to the 
reaction shown below. The gas was sorbed and analysed using thermal-conductivity detector. 
For the determination ofC, H, 0 ofiSA "A Vario EL CHN Elemental Analyser" was used. 
Cx Hy + z Oz-+ X C02 ( g) + y/2 H20(g) 
3.2.8 Melting Point Determination 
The melting point of ISA was determined using a Gallenkamp melting point apparatus. For 
this purpose, a small amount of dried powder lactone-ISA was loaded in the melting point 
capillary tube. After placing the powder into the capillary tube, the bottom of the tube was 
tapped against the lab bench to get the sample at the bottom of the tube. The capillary tube 
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was inserted into the sample port (hole). The apparatus was switched on and the temperature 
of the melting point was raised at a rate of 2°C/min. The beginning and the end of the melting 
point was observed through the magnifying lens of the instrument. The melting points 
obtained were compared with the literature value of the lactone-ISA, which showed that they 
were in a good agreement. 
3.2.9 X- Ray Fluorescence Spectroscopy to Identify the Calcium Content (Ca2) in ISA 
A qualitative x-ray fluorescence measurements was used to characterise the Ca2+ content in 
theCa (ISA)z salt. Analysis was made without sample preparation. The dry Ca (ISA)z powder 
was placed in the sample holder of the energy-dispersive x-ray fluorescence (XRF) 
spectrometer. In this x-ray fluorescence determination analysis, theCa (ISA)z sample was 
bombarded with an x-ray beam and the re-emitted x- radiation (the characteristic radiation) of 
the calcium was measured. The measured intensity was obtained in pulse /sec (kilo counts per 
sec). The energies or wavelengths of the x-ray spectral lines are the basis for qualitative 
analysis. The lines are designated by symbols. The symbol of an x-ray line represents the 
chemical element the notations, K,L, and M. This indicates that the lines originate by the 
initial removal of an electron from the K, L, M shells respectively. 
A particular line in the series is designated bya;p etc representing the sub shell of the outer 
electron involved in the transition electrons. The spectrum resulting from electron excitation 
consists of a broad band of energies (the continuum or bremsstrahlung) plus photons of 
discrete energies that are characteristic of the target element Ca. The frequency of the 
characteristic photons is described by Moseley's law: 
v = k (Z-1)2 
Z =atomic number of the target element 
K = a constant 
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The integrated intensity (I) of the continuum is related to the current, voltage, atomic number 
of the target by: I= k *i* Z*V2 (i = x-ray tube current in milliamper), where V is the voltage in 
kV. 
3.3 Potentiometry 
3.3.1 pKa Determination by Potentiometric Titration 
To determine the protonation constant (pKa) ofiSA and its stability constants (log !3) with 
Eu3+,Co2+,Ni2+,Ca2+, by potentiometric titration, solid Iactone-ISA was titrated against 
potassium hydroxide (KOH). The metal ions were available as chloride and nitrate salts. The 
titration solutions were prepared by weighing accurately the required amount ofligands and 
metal salts. As a supporting electrolyte, analytical grade potassium chloride was used. KOH 
was chosen as standard base because it supplies the same positive ion (K+) as the supporting 
electrolyte potassium chloride (KCI). About 0.1 M KOH solution was prepared for the 
titration by dissolving the required amount ofKOH pellets in analytical grade water. The 
KOH solution was standardised against potassium hydrogen phthalate (C8H5K04). Finally 
C02 content in KOH was determined applying Gran's method. 
3.3.2 Calibration of the Electrode System and the Potentiometric Apparatus 
For the potentiometric titration, a pH -meter (WTW-701) fitted with a combined glass 
electrode Ag/ AgCII 3MKCI with a digital potentiometer was used. To calibrate the electrode, 
three buffer solution at pH 4.00; 6.89; 9.18 were employed. 
3.3.3 Determination of Carbonate Concentration 
The presence of carbonate in the solution can affect the titration results. Therefore, it is 
necessary to determine the amount of carbonate present in the KOH solution using Grans 
method. Therefore, C02 concentration was investigated in the standard base KOH, before 
acid protonation constant (pKa) and metal-ligand stability constants (log B) values were 
obtained by potentiometry. 
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In this potentiometric titration the Gran's plot [109] [!I] [115] [147] (<I> vs volume ofKOH) 
showed that the carbonate concentration of the base (KOH) was between 1.5- 2 %. 
(<J>=V0+VKoH)* 10±R), where as Vo= Initial volume of the solution; VKOH =volume ofKOH 
added, R represents pH meter reading in acid (-) and alkaline regions(+). 
3.3.4 Potentiometric pH Measurement 
The protonation constant (pKa) is a measure of the strength of a particular acid. Protonation 
constants of acids are experimentally determined so that the pH profile obtained for the acid 
alone can be compared with the acid-metal profile and to validate the experimental 
methodology. In this work the first experimental run was designed to determine the 
protonation constants (pKa) ofiSA. Therefore, a series ofiSA solutions at concentration 
range between 0.003 and 0.1 mol dm-3 were prepared for the titration. The equilibrium cell 
was thermostatted in I 00cm3 glass vessel. 
The titration cell was covered with a round glass having a diameter of 50 mm. The cover has 
four holes. The first hole is to insert the glass electrode, the second hole is for the delivery 
tube of a Piston Burette, and the third and the fourth holes are used as inlet and outlet of the 
inert gas Argon. A piston burette was used to add the titrant (KOH) into the titration solution. 
5.00 mll.OOM KC!, and 20 m! O.IM ISA and 25 m! of carbonate-free deionised water were 
added into the titration cell. 
The cell was protected from the atmosphere to avoid carbonate (C02 I C03 2 -) contamination 
in the reaction solution. Before and during the measurements, inert gas either Ar or N2 pre 
conditioned by bubbling through a solution of I M KC! was bubbled through the titration 
solution in order to remove air-oxygen from the cell. The temperature of the titration solution 
was controlled by circulating the thermostatted water at 25±0.1 °C through the water inlet and 
outlet cover (Jacket) of the reaction vessel. O.lM KOH was added as a small increments 
(0.05ml) into the reaction mixture. The volume of the base was delivered by a piston-type 
burette capable of reading volumes down to 0.01mi.The potentiometric titration was 
continued up to a pH-Meter reading of about 12.5-13.5. Equilibrium conditions, determined 
by a constant meter reading falling within an interval of less than ±0.002 pH units was 
obtained for each experimental point before proceeding with the next step. Finally the 
protonation constant (pKa) was calculated from the titration data using the computer program 
PKAS [108][109]. 
3.4 Determination of Stability Constants 
3.4.1 Potentiometric Method 
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The potentiometric titration for the determination of the stability constant is similar to 
protonation constant (pKa) method described above. After checking the electrode system and 
the apparatus, 20.00mL 0.012M ISA, Sml 1M KC!, 15 ml 0.01M Metal ion and 10 ml water 
were added into the potentiometric titration cell. The system was maintained at ionic strength 
of Jl=O.IOM with KC! as a supporting electrolyte (Sml IM KC! I 50 ml solution, [KCI]o 
=0.1000). 
The cell was closed, equilibrated and slowly titrated in O.IOOmL increments with 0.100M 
KOH solution. The ionic strength is nominally O.IM initially and remains nearly constant 
since it was diluted with about 0.1024 M KOH. The concentration of the metal used for the 
stability constant titration varied between 0.001 and 0.01M. The potentiometric titration 
results to determine the M-L complex were calculated using the computer programme BEST. 
3.4.2 Anion-Exchange I Schubert Method 
3.4.2.1 Preparation of Amberlite® IR-120 in Na+ -form 
To convert Amber lite® IR-120 (H+ form) into Amber lite IR-120 (Na +form), about 20g of 
cation exchanger, Amberlite type IR 120 (W form) were placed into a column or a 100cm3 
beaker and washed several times with SM sodium chloride (NaCJ) until pH=7. After the pH 
was neutral, the resin was washed several times with analytical grade water until it was free of 
chloride (Cl-). A drop of silver nitrate (AgN03) was added into the solution to test for AgCI 
precipitation. If the solution still contains chloride ion (Cl), washing has to be continued to 
remove the chloride completely. After removing the chloride ion, the resin was then dried in 
air. Since some stability constant experiments using Schubert method were at pH 13, the 
requirement for the resin was that it should be stable at this pH. For the Schubert method 
Chelex-100 cation exchange resin was also used. The Chelex ®-100 cation exchange resin 
was purchased in the sodium form (Na-form). 
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3.4.2.2 Preparation of the Mixture 
Between 20-40 plastic sample vials were washed and cleaned with small amounts of nitric 
acid (HN03) and tap water, and finally with deionised water. The vials were dried in the oven 
at moderate temperature (30"C). 
Approximately 30 or more dried vials (depending on how many duplicate or triplicate set of 
experiments are required) were taken and labelled. IOOmg (O.lg) of the air dried resin in Na+ 
form were accurately weighed into the plastic vials. Finally into each vial 15ml of the ligand 
(ISA, Gluconic, Glycolic) in the concentration range between 10·1-10·8 mol dm·3 were added. 
There were 8 experiment vials. In addition 2 other sample vials were taken and labelled as 
vial Nr.9 and vial Nr.l 0. 
Vial 9 contained I OOmg resin and 15ml 0.3M NaOH and no ligand. This was used for the 
determination of Kt Vial I 0 was for the blank and contained no resin but only 15ml 0.3M 
NaOH and it was required to determine the total activity present in the solution and also to 
check for possible wall sorption. 
3.4.2.3 Preparation ofRadionuclides by Neutron Activation 
Samarium e53 Sm) 
Samarium was obtained from Sm02 stored in 10"3M HCI .The concentration of the stock 
solution was 5*10"6 mol dm·3. About 0.703 mg 152-Sm (98.1% 152Sm) was irradiated for 6 
hours at the TRIGA Reactor in Mainz, using neutron flux of 4.2*1012 n/ cm2 sec. The activity 
obtained was 163 kBq/ml. 
Reaction: 152 Sm (n,y) 153 Sm 
Halflife: tl'> = 46.27 h, Energy: W=0.7-0.8 Me V; y= 103.70 Me V. 
Activity was determined by y-Spectrometry using Germanium-detector. 
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Europium es2 Eu) 
3.41 mg Eu(N03).H20 were irradiated for 13 hours at TRIGA MAINZ reactor .Total activity 
obtained was 0.217*104 kBq. y Spectrometry was used to measure the activity ofEu. 
152 Eu: halflife (t\1, = 13.33 a) 
Energy:~-= 0.7 Me V, y=I22 Me V and 344 Me V 
Nickel r3 Ni) 
Nickel tracer was obtained from Loughborough University. The total activity was 370 kBq. 
63 Ni : half life( t\1, = l OOa) 
Energy:~-= 0.07 Me V 
Cerium e41 Ce ) 
Cerium was obtained from Loughborough University. 
141 Ce: half life (t\1, = 32.5d) 
Energy:~-= 0.45-0.59 Me V; y= 145 Me V 
3.4.2.4 Preparation of the Ligand (Gluconic, Glycolic, ISA) Solutions 
To determine the stability constant by using the ion-exchange method (Schubert), the 
complexation of the organic ligands (gluconic, glycolic, isosaccharinic acids) with metal-ions 
( Ni 2+, Sm3+, Eu3+· Ce3+)at pH 7 and pH 13 was investigated. Gluconic acid was chosen 
because its structure is similar to ISA, and also it is readily obtained at high purity. Previous 
investigations have shown that stoichiometry and stability constant determinations for the 
nickel-gluconic acid complex are useful comparisons to the values obtained from ISA 
complexes [130). Glycolic acid is also similar to ISA [2][79][85). 
The distribution coefficients (I<.!) were obtained by equilibrating 0.1 g of the dry resin with 15 
m) of a solution for 3 days in the absence and in the presence of ligand. 
For this purpose, stock solutions of about O.lM of the ligands were prepared. For example, to 
produce 10·1 Mol ISA, 1.62 g ISA (molecular weight oflactone-ISA = 162 g! mol) was 
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weighed accurately and transferred into a 100cm3 volumetric flask and dissolved in 0.3M 
NaOH solution. For allligands, concentrations between 10"1 and ro·8 mol/dm3 was used 
applying !m! in I Oml a successive dilution method 
[10"1; 10"2; ro·3,I04 ,l0.5,I0.6,l0.7,l0.8 mol dm"3] with NaOH. The pH was adjusted either to 
pH=7 or pH=l3, using NaOH and HCI depending on the measurements required for the 
stability constants. lOOJ.!l of the radioactive tracer (metal) were added into each vial. The 
solution was equilibrated for three days (72 hours) at a constant temperature of 25°C in water 
bath by end over end shaking. After equilibration, supematant was filtered using a millipore 
filter to separate the resin. Finally, lO J.!l of the radioactive supematant were added into 
cleaned vial which contained 5 m! scintillation solution for the activity determination of 63Ni. 
For all other metals 10 J.!l of the activity was transferred into a clean vial and the activity was 
measured using either liquid scintillation counting or y spectrometry depending on the type of 
energy of the radionuclide. 
3.4.2.5 Activity Measurements 
The metals 8m3+, Eu3+, emit gamma radiation (y). Pulse height spectra was obtained from a 
Nai(Tl) scintillation crystal detector. The pulse spectra are obtained by passing the out pulses 
from the detector through an amplifier to a multichannel analyser. The multichannel analyser 
stores and displays the pulse as a histogram, which is presented as pulses versus channel 
number. 
3.4.2.6 Scintillation Counting 
lOJ.!l of 63 Ni were added to 5 m! of scintillation cocktail and shaken vigorously. The 
scintillation solution consists of organic compounds that convert the energy of the particle 
emitted during the radioactive decay into light which is detected by the Liquid Scintillation 
Counter. The number of light photons emitted per 13 decay is proportional to the energy of the 
13 particle. The amplitude of the pulse (as voltage) is proportional to the amount of light that 
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has reached the face of the photomultiplier tubes . The number of pulses or counts from the 
photomultiplier tubes are analysed , converted to digital form, and stored in the appropriate 
channel of a multichannel analyser, corresponding to the particle energy. A plot of counts vs. 
channel number yields a spectrum of the radioactive decay particles in the sample. The beta 
(~)energy distribution is recorded. The data in the multichannel analyser are used to 
determine the energy of the particles and the rate (counts per minute, or cpm) of the 
radioactive decay in the sample. The cpm is the total number of pulses in the channels of the 
multi channel analyser divide by the total time in minutes required to obtain the count. The 
cpm value is converted to a value which correctly reflects the disintegrations that actually 
occur in the sample. Since the counting efficiency is the ratio of CPM I DPM, from this 
relation dpm can be obtained as shown below. 
CPM events observed by the instruments 
Counting Efficiency = ----
DPM actual disintegration that occurred 
3.4.2. 7 Calculating the Results 
After the total activity of the metal in vial 10 and the activity of the blank in vial 9 and the 
activities of the metal-ligand solutions (supernatants) had been measured the distribution 
coefficients Kt 0 and Kt were calculated. The A term was calculated from the HATCHES 
data base by using the Log ~ values of the metal of interest. After the A term was obtained, a 
graph of Log [Kt 0 !Kt -1] vs Log [L] was plotted. The y intercept of the plot gives the overall 
stability constant (log~) of the metal-ligand complex. However, stability constants measured 
using the Schubert method assume that only a single metal-ligand complex [MLn] occurs 
[130] . 
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3.4.3 UV-Absorption Spectrophotometry Method 
3.4.3.1 Preparation of the Metal and Ligand Stock Solutions 
The sample solutions were prepared by weighing accurately the appropriate quantity ligand or 
metal and transferring it into 1 00cm3 volumetric flasks. The metals were Ne+, and Ce3+ and 
the ligands were Gluconic, Glycolic, ISA. The amount of the metals and the ligands are given 
in mol dm"3 from their weight (gm) and molecular weight (gl mol). The metal and the ligand 
of interest were dissolved in 0.3 mol dm"3 NaOH solution, the pH was adjusted to 7 and 13.3 
using NaOH and HCI. Analytical grade water was used throughout the experiment. The 
absorption maximum (A.max) was investigated by scanning the sample between 1..=200-800 nm 
using a 1 cm path length quartz cell. Finally, the absorption spectrum of the complexes were 
recorded using the relevant UV-absorption region. Almost all M-L complexation absorbed 
within the absorption region given above. The stability constant determination using UV-
Absorption Spectrophotometry at pH 7 and pH 13 was carried out using the molar ratio 
method. In this method, the concentration of the Iigands was varied, while the concentration 
of the metals remained constant. 
3.4.3.2 Absorption Measurements 
A solution of0.1M nickel nitrate and l.OM gluconic acid in O.IM NaOH was scanned in a 
wavelength range between 320 and 700nm in I cm quartz cell. Three wave lengths at 370,395 
and 640mn were used to detect the absorption of the Ce-ISA complex. Therefore UV 
Absorption was measured at constant wave lengths of 370, 395 and 640nm respectively. The 
experimental data obtained from absorption, extinction coefficients, pathlength, were used to 
calculate the stability constant of the metal-ligand complexes (log B) using a computer 
program. The linear regression equation, and the curve fitting diagram was assessed applying 
a computer program called Sigma Plot from Jandel Graphic. To obtain the stability constant 
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of the metal-ligand complexes, the molar absorptivity, of the metals (Ni2+, Ce3+) and the 
Iigands (Gluconic, Glycolic ,and ISA) , were also measured separately. 
3.4.4 Electromigration Method 
In general, to determine a stability constant using the electromigration method, the electrolyte 
solution is prepared by weighing suitable amount ofNaCI and NaCI04. The required pH is 
adjusted (pH= 7 or pH =13) using HCI or NaOH solution. The overall ionic strength is set to 
0.1 mol dm"3and diluted to the appropriate volume usually I dm3· The temperature of the cell 
is kept constant at 25 ± 0.1 •c using a thermostatted water bath. A potential (AE) of 5-l Om V is 
applied across platinum electrodes inserted into the outer electrolyte compartments. The 
potential gradient across the glass is accurately measured over a thin Pt-wires attached to the 
end of the electromigration cell. The glass tube and the whole migration system is totally 
closed to avoid air moisture except a hole with 5mm diameter which is required for sample 
loading. After the electrolyte is added, another 20-40 min is allowed for the establishment of 
equilibrium. Finally, 5-20 )!I of the metal tracer is added into the electrolyte solution and 5-
1 Om V voltage is applied to measure the mobility of the ions in the solution. After adding the 
metal ion into the migration tube, the ion mobility in the electrical field is examined between 
30 and 60 minutes by continuously scanning the electromigration tube using one single 
Beryllium -Germanium (BGO)-detector[126][150]. The temperature, the electric field 
intensity and the electrolyte composition remain constant during the entire migration 
measurements, as these are required to obtain reliable ion mobility results. The migration 
velocity of the ion (v) is given by the slope of the position vs time diagrams. There is a linear 
relationship between the position of the ion (cm) and the time required (sec) to migrate 
through the cell. The variation of the absolute individual ion mobility (u0 i = v /AE) with the 
overall ionic strength of the electrolyte()!) is then presented graphically to obtain the results. 
47 
3.4.4.1 Calculation of the Electromigration Results 
The measured overall ion mobility is given in a mathematical equation. The mathematical 
equation allows the calculation of the individual ion mobilities and the stability constants of 
the metal complexes without knowing the hydrolysis data of the metal in the electrolyte 
system, since these data can be treated as unknowns to be evaluated in the data processing. 
The equation is then used for mathematical processing of the experimental results by the 
least-squares method with the minimising program. The unknown parameters [(the individual 
ion mobility (ui), the stability constant (log K) and the hydrolysis constant values)] are 
calculated on computer. The overall ion mobility as a function of ligands and other 
parameters can be shown as follows: uMn+ = f([L2-, or L"1]; Ui; Kn 
Values ofui and Kn are obtained using the least squares method 
The parameters are: 
LogKn 
Log~n 
Log Kt and Log K2 are the stepwise formation constants of the metal-ligand complexes 
Log ~ =the overall stability constants, ui= the individual ion mobility, C1 and C2 are the metal 
hydrolysis constants. 
Details about the electromigration experiment are given in the published paper attached in this 
thesis." Zhemosekov, K.P; Mauerhofer,E; Getahun,G; Warwick,P; Rosch,F 
Complexation formation ofTb3+ with glycolate, D-gluconate and a-Isosacchinate in neutral 
aqueous perchlorate solutions" Radiochimica Acta, 91 599- 602 (2003)" 
CHAPTER FOUR 
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4.0 Results 
4.1 Separation and Characterisation of Isosaccharinic Acid 
4.1.1 Infrared.f.!.ID 
COOH has strong 0-H stretching at 2500-3000cm·1 for dimeric acids with hydrogen bonding 
and C=O absorption at 1700-1725cm·1 for aliphatic and 1670-1700 cm -t for aromatic acids. 
Iso saccharinic acid absorbs IR and the absorption bands are: 
a) 3330 cm·1 (OH), 
b) 1730cm·1 - 1780cm·1 (C=O) 
c) 716-720 cm·1 is a furan (0) ring absorption 
d) 3435cm·1 , this is OH- stretching frequencies alcohol groups(OH) 
e) 1200-1300cm·1 CH2 I CH3 groups (aliphatic groups) 
IR-Interpretation ofiSA was made in terms of molecular vibration. 
Functional Group Experimental Value 
Alcohol group( OH) 3480 cm·1 
3426 cm·1 
3401 cm·1 
Carbonyl group(C=O) 1730 cm·' 
1740 cm·1 
1728 cm·1 
1742 cm·1 
Furanoid group ( -0-) 642-732 cm~ 
642-787 cm·1 
Aliphatic group (CHz/CH3) 1049-1248 cm·' 
1049-1246 cm·1 
1047-1244 cm·1 
Table 1: IR-Absorption ofiSA 
4.1.2 Nuclear Magnetic Resonance Spectrometry (NMR) 
1H NMR Spectra 
Proton Experimental Value 
IH, OH-2 4.6550 
4.6863 
4.9810 
Literature Value [71 
3435 cm -t 
3330 cm -t 
1780 cm -t 
716-720 cm -t 
1200-1300 cm -t 
Literature Value[7][24] 
4.98 
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4.6550 
2H, OH-2, OH-5 4.5822 4.89 
4.8923 
3.5956 
2H,H-2 3.5543 3.55 
3.5568 
3.4420 
IH, H-5 3.4341 3.44 
3.4423 
3.3603 
IH-H-5 3.3444 3.34 
3.3448 
2.3917 
IH, H-3 2.4960 2.39 
2.3932 
1.9567 
IH,H-H3 1.9382 1.95 
1.9549 
Table 2: 1 H-NMR ofiSA 
13C -NMR Spectra Interpretation of ISA 
i) The band between 20-40 ppm indicates aliphatic carbon. 
ii) The band between 40-70 ppm indicates carbons attached to hydroxyl and ether oxygen 
iii) The band between 120-135 ppm represents aromatic carbon 
iv) The band between 150-160 ppm represents phenol carbons 
v) The band between 160-185 ppm are carboxylic and cabonyl carbons 
Carbon Atom Experimental value Literature Value [24] 
178.76 178.76 
c1 177.21 
178.09 
78.37 77.77 
c2 77.77 
78.12 
c3 76.23 76.86 
76.17 
76.16 
63.10 63.10 
c4 63.30 62.73 
62.98 
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33.74 33.30 
33.30 
Cs 34.62 
c6 20.32 -------
Table 3: 13C NMR ofiSA 
4.1.3 Gas Chromatography-Mass Spectrometry (GC-MS) 
Nr. M+/MH+ mlz mlz 
Molecular ion Name %base experimental Lit. Value[7][93] 
CzH302+ COOCH3+ 
1 Glycolic acid ion 7.41 59 59 
2 (CH3)3-Si+ Trimethyl silyl ion 100 73 73 
3 C3HsO/ Lactic acid ion 3.74 89 86 
2.5 dihydroxy pentanoic 
4 C4Hn02+ ion 10.54 93 93 
2-C-(hydroxy methyl) 
5 CsHnO/ 3-deoxy tertonic acid ion 11.29 103 103 
4-deoxy-2,3-hexodiulose 
6 C4HsO/ (e.g. glycolic) ion 14.89 117 117 
3-deoxy-d-erythro 
7 C6H903+ pentonic (a-ISA) ion 17.44 129 129 
8 CsH1sSizO+ trimethyl disilyl -3- 21.38 147 147 
deoxy-d-threo pentonic 
9 C6H1s02Siz+ penta methyl disilyl- 2.37 175 177 
glycolate ion 
10 CsH1103Si/ trimethyl-disilyl-3- 7.27 217 217 
deoxy-d-threo pentonic 
lOll 
11 C6H110/ D-erythro pentonic ion 42.90 348 347 
trimethyl-trisilyl 3-
12 C6H1203Sh+ deoxy-d-hexonic ion 4.38 292 292 
2.5 dihydroxy pen tonic 
13 C6H110/ ion 3.49 273 275 
trimethyl- trisilyl2.5-
14 C6H1303S4+ dihydroxy pentonic ion 10.73 245 245 
Table 4: GC-MS results ofiSA 
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4.1.4 Melting Point of the a - D 1,4 Lactone 
Experimental Result Lit. Value [6][7][24] 
Table 5: Melting Point of ISA 
4.1.5 Optical Rotation (Polarimetry) 
Experimental Result Lit. Value [6][7][24] 
[a]0 +62.8° (cone.= I; H20) 
25 
[a] 0 +62.0 o (cone.= 1; H20) 
21 
Table 6: Optical Activity of ISA 
4.1.6 Element Analysis of ISA Sum Formula: C6H 10 0 5 
Experimental Value Lit. Value [7][24] 
C=40 44.45 
H=6.6 6.22 
0=53.3 49.34 
Table 7: Element Analysis results ofiSA 
4.1.7 High Performance Liquid Chromatography (HPLC) 
SampleNr. Ratio Retention time ISA 
Cellulose: Cement: Water 
Weight [gm] [ min] 
1.0 1:9:25 5.39 
2.0 2:8:25 5.53 
3.0 3:7:25 5.60 
4.0 4:6:25 5.11 
5.0 5:5:25 5.62 
6.0 6:4:25 5.53 
7.0 7:3:25 5.66 
8.0 8:2:25 5.39 
9.0 9:1:25 5.46 
10.0 2:18:25 5.60 
Table 8: HPLC Separation of Degraded Cellulose Products 
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4.1.7.2 Separation of Carboxylic Acid Mixture 
Carboxylic Acid Type Retention Time 
(min) 
ISA 5.25 
Formic 6.46 
Lactic 8.52 
Acetic 9.65 
Table 9 :HPLC Separation of Carboxylic Acid Mixture 
4.1. 7.3 Analysis of a Single Carboxylic Acid (Standard) 
Carboxylic Acid Type Retention Time 
( min) 
ISA 
1'1 Run 5.11 
2nd Run 5.11 
3rd Run 5.10 
Formic 6.53 
Lactic 8.73 
Acetic 9.94 
Table 10: HPLC Analysis of a Single Carboxylic Acid (Standard) 
4.2 pK. Determination oflsosaccharinic Acid by Potentiometric Titration 
pi . 
-
. H 3 0 1120 
SampleNr. Sample Name Ligand Cone. Temperature pKa Value 
[Mol dm"3] [K] 
1.0 Z-ISAI 0.9432*10"-' 298 3.61 
2.0 Z-ISA2 1.000*10""' 298 3.97 
3.0 Hb-ISAI 0.5140*10""' 298 3.29 
4.0 Hb-ISA2 0.6140*10"-' 298 3.56 
5.0 DB-ISA1 0.4944*10"-' 298 3.00 
6.0 DB-ISA2 0.5000*10""' 298 3.01 
7.0 B-ISA1 1.1082*10""' 298 3.37 
8.0 B-ISA2 0.9682*10""' 298 3.18 
9.0 Ux-ISA1 0.8000*10"-' 298 3.27 
10.0 Ux-ISA2 o.8ooo• w·• 298 3.97 
11.0 Ux-ISA3 0.8000*10""' 298 4.01 
12.0 Ux-ISA4 0.9000*10""' 298 3.54 
13.0 Ux-ISA5 o.9ooo* 10·• 298 3.21 
Table 11: pK. ofiSA 
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4.2.1 The pK. of some Hydroxy Carboxylic Acids (Literature) 
Carboxylic Acid Temperature Ionisation 
[K] constant 
Name Formula K 
Acetic CH3-COOH 298 1.76*10"' 
Oxalic H-COOH 298 1.77*104 
Glycolic CH2-(0H)-COOH 298 1.48*10"" 
Lactic CH3-CH-(OH)-COOH 298 1.37*10"" 
Table 12: pKa of some Monocarboxylic Acids 
4.2.2 Calculation ofthe average pKa and the standard deviation ofiSA 
pKa 1 +pKa2 +pKa3 + ............ pKan 
pKa (average)=----------------
n 
pKll( average)= L pKa (i) 
1 
n 
oi = pKa(i) - pKll( average) 
n 
L oi 2 =L (pKa(i) - pKll( average) i 
1 
Standard Deviation: 
n-1 
n 
L oi 2 
cr cs>= \ --
1
---
n-1 
n 
pKa 
4.75 
3.75 
3.83 
3.86 
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Nr 
pKa(i)- pKa(average) oi oi 2 
1.0 3.61-3.46 0.15 0.0225 
2.0 3.97-3.46 0.51 0.2601 
3.0 3.29-3.46 -0.17 0.0289 
4.0 3.56-3.46 0.10 0.01 
5.0 3.00-3.46 -0.46 0.2116 
6.0 3.01-3.46 -0.45 0.2025 
7.0 3.37-3.46 -0.09 0.0081 
8.0 3.18-3.46 -0.28 0.0784 
9.0 3.27-3.46 -0.19 0.0361 
10.0 3.97-3.46 0.51 0.2601 
11.0 4.01-3.46 0.55 0.3025 
12.0 3.54-3.46 0.08 0.0064 
13.0 3.21-3.46 -0.25 0.0625 
Table 13: Calculation of the pKa ofiSA 
pKaofiSA pH 3-11.5 
2-C-(hydroxymethyl)-3-deoxy-D-pentonic acid (isosaccharinic acid) 
cr (S)= 0.3523 
pK. = 3.46±0.352 
Table 14 : The average pKa ofiSA 
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4.2.3 The pKa ofiSA pH 3-13 
Titration Nr Computer Programm Titration Diagram/ 
PKAS Results Graph Results 
pK. ISA (I) Log K1 = 11.33 Log K1 = 12.13 
Log K2 = 3.04 Log K2 = 3.33 
pK. ISA (2) Log K1 = 12.11 Log K1 = 12.0 
Log K2= 3.23 Log_ K2 = 3.30 
pK. ISA (3) Log K1 - 10.04 Log K1 = 11.17 
Log K2 = 3.75 Log K2 = 3.88 
Table 15: PKAS calculation and titration diagram results of the pKa ofiSA 
4.2.4 Potentiometric Titration to determine the pKa of Glycolic Acid 
(Standard Titration) 
Experimental Literature value 
Log K b"c,I~O,l) = 3.63 ± 0.10 Log K < 2s"C, I~.IJ = 3.62±0.03 
Table 16 : pKa of Glycolic Acid 
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4.3.0 Separation of the Cellulose Degradation Products 
Applying High Performance Liquid Chromatography 
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Figure 11: Cellulose: Cement: Water 
Ratio: 9: 1: 25 
PeakNr Retention Acid 
time (min) 
1 5.18 Glycolic 
2 5.46 ISA 
3 6.39 Formic 
4 7.59 unknown 
5 8.94 Lactic 
6 9.94 Acetic 
7 13.91 unknown 
Table 17: Degradation products (Fig: 11) 
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Figure 12: Cellulose: Cement: Water 
Ratio: 3:7:25 
PeakNr Retention Acid 
time (min) 
1 3.55 unknown 
2 5.18 Glycolic 
3 5.60 ISA 
4 6.21 Formic 
5 7.66 Lactic 
6 9.79 Acetic 
7 14.05 unknown 
8 15.62 unknown 
Table 18: Degradation products (Fig: 12) 
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Figure 13: Lactone-ISA 
(sample 1) 
Peak Retention 
Nr. time (min) 
1 5.11 
2 8.23 
Acid 
a-ISA 
B-ISA 
Table 19: HPLC ofiSA (Fig: 13) 
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Figure 14: Lactone-ISA 
(sample 2) 
Peak Retention Acid 
Nr. time(min) 
1 5.11 a-ISA 
2 8.80 B-ISA 
Table 20: HPLC ofiSA (Fig:14) 
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Figure 15: Lactone-ISA 
(sample 3) 
PeakNr Retention Acid 
time (min) 
I 5.II a-ISA 
2 8.80 13- ISA 
Table 21: HPLC of ISA (Fig: 15) 
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Figure 16: Formic Acid 
Peak Retention Acid 
Nr. time(min) 
I 6.53 Formic 
Table 22: HPLC ofF. Acid (Fig: 16) 
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Figure: 17 Acetic Acid 
Peak Retention Acid 
Nr. time (ruin) 
1 6.53 unknown 
2 9.94 Acetic 
Table 23: HPLC of Acetic Acid (Fig: 17) 
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Figure: 18 Lactic Acid 
Peak Retention Acid 
Nr. time(min) 
1 6.81 unknown 
2 8.73 Lactic 
Table 24: HPLC of Lactic Acid (Fig: 18) 
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Figure 19: Cellulose: Cement: Water 
Ratio: 4: 6: 25 
Peak Retention Acid 
Nr. time (min) 
I 4.68 Glycolic 
2 5.11 ISA 
3 6.03 Formic 
4 7.01 unknown 
5 7.81 Lactic 
6 9.51 Acetic 
7 13.70 unknown 
Table 25: HPLC of degraded products 
(Fig: 19) 
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Figure 20: Cellulose: Cement: Water 
Ratio: 6: 4: 25 
Peak Retention Acid 
Nr. time (min) 
I 5.11 Glycolic 
2 5.53 ISA 
3 6.53 Formic 
4 7.66 unknown 
5 8.37 Lactic 
6 10.08 Acetic 
7 14.20 unknown 
Table 26: HPLC of degraded products 
(Fig: 20) 
PhU1Pt AnllyUCil POSTRI.tl data fro1 G620.CSN 
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Figure 21: Acetic; Glycolic; 
Formic; Lactic 
Peak Retention Acid 
Nr. time (min) 
1 5.25 Glycolic 
2 6.46 Formic 
3 8.52 Lactic 
4 9.65 Acetic 
Table 27 : HPLC of 
degraded products (Fig:21) 
Table 28: HPLC of the 
degraded products (Fig:22) 
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Figure 22: Cellulose: Cement: Water 
Ratio: 8·2·25 . . 
Peak Retention Acid 
Nr. time (min) 
1 5.11 Glycolic 
2 5.39 ISA 
3 6.10 Formic 
4 7.52 Lactic 
5 9.79 Acetic 
6 11.71 unknown 
7 12.49 unknown 
8 13.92 unknown 
PhU1ps Analytical POS~ data fro• GG1f.CSH 
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Figure 23: Cellulose: Cement: Water 
Ratio: 2: 8: 25 
Peak Retention Acid 
Nr. time (min) 
1 5.18 Glycolic 
2 5.53 ISA 
3 6.10 Formic 
4 7.52 Lactic 
5 9.44 Acetic 
6 11.21 unknown 
7 13.35 unknown 
Table 29: HPLC of degraded 
products (Fig: 23) 
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Figure 24: Cellulose: Cement: Water 
Ratio: 2:18:25 
Peak Nr. Retention Acid 
time(min) 
1 5.18 Glycolic 
2 5.60 ISA 
3 6.10 Formic 
4 7.24 Lactic 
5 9.23 Acetic 
6 11.07 unknown 
Table 30 : HPLC of degraded 
products (Fig: 24) 
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Sample Nr. Ca(ISA)z 
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Figure 25: X- Ray Fluorescence analysis to determine the 
fC 2+. ISA resence o a m 
Sample Total Background Intensity of Ca 
Intensity 
1.0 242.9916 0.2606 242.731 
2.0 253.9541 " 253.6935 
3.0 243.4100 " 243.1494 
4.0 177.2063 " 176.9457 
5.0 0.2831 " 0.0225 
6.0 0.3318 " 0.0712 
7.0 1.5290 " 1.2684 
8.0 0.5447 " 0.2841 
9.0 0.4808 " 0.2202 
10.0 18.0644 " 17.8038 
11.0 155.3772 " 155.1166 
12.0 0.4438 " 0.1832 
13.0 7.1486 " 6.888 
Table 31: X-ray fluorescence analysis of Ca2+ 
RESULTS 
POTENTIOMETRIC TITRATION 
TO INVESTIGATE THE pKa OF 
ISOSACCHARINIC ACID (ISA) AND 
GLYCOLIC ACID 
64 
PKAS PROGRAM BY RAMUNAS J. MOTEKAITIS 
10/10/91 VERSION (Fortran 77) 
4.4 Potentiometer Titration to Determine the pKa of Glycolic Acid 
PCT C02 IN BASE= 2.00 
LOG PROT CONST 1 = 10.00 
LOG PROT CONST 2 = 6.16 
MILLIMOLES LIGAND .31269 
NORMALITY OF BASE .10000 
INITIAL VOLUME 50.00 
NUMBER OF DATA POINTS 103 
PH CORRECTION .000 
PKW 13.780 
ADDED ACID (MMOLES) .00000 
DISC INCREMENT .1000 
LIGAND CONCENTRATION AT VO 6.2538E-03 
M SIGMA LOGK 1 
+ 4 17.67 3.6358 
4 ITERATIONS .088819 OVERALL STD DEV IN LOG UNITS 17.672 SIGMA IN %H 
LOGK 1 = 3.6358 ( .1034) 
0 I VB A PH CALCDPH DIFF 
1 .000 .000 3.070 3.070 .000 
2 .050 .016 3.090 3.090 .000 
3 .100 .032 3.130 3.130 .000 
4 .150 .048 3.150 3.150 .000 
65 
5 .200 .064 3.160 3.160 .000 
6 .250 .080 3.180 3.180 .000 
7 .300 .096 3.200 3.200 .000 
8 .350 .112 3.230 3.124 .106 
9 .400 .128 3.240 3.148 .092 
10 .450 .144 3.260 3.172 .088 
11 .500 .160 3.280 3.195 .085 
12 .550 .176 3.310 3.219 .091 
13 .600 .192 3.330 3.243 .087 
14 .650 .208 3.360 3.267 .093 
15 .700 .224 3.390 3.291 .099 
16 .750 .240 3.390 3.315 .075 
17 .800 .256 3.410 3.339 .071 
18 .850 .272 3.430 3.363 .067 
19 .900 .288 3.450 3.387 .063 
20 .950 .304 3.480 3.411 .069 
21 1.000 .320 3.500 3.435 .065 
22 1.050 .336 3.530 3.458 .072 
23 1.100 .352 3.560 3.482 .078 
24 1.150 .368 3.580 3.506 .074 
25 1.200 .384 3.580 3.531 .049 
26 1.250 .400 3.600 3.555 .045 
27 1.300 .416 3.620 3.579 .041 
28 1.350 .432 3.640 3.603 .037 
29 1.400 .448 3.680 3.628 .052 
30 1.450 .464 3.690 3.652 .038 
66 
31 1.500 .480 3.710 3.677 .033 
32 1.550 .496 3.740 3.702 .038 
33 1.600 .512 3.750 3.728 .022 
34 1.650 .528 3.780 3.753 .027 
35 1.700 .544 3.800 3.780 .020 
36 1.750 .560 3.820 3.806 .014 
37 1.800 .576 3.840 3.833 .007 
38 1.850 .592 3.860 3.860 .000 
39 1.900 .608 3.890 3.888 .002 
40 1.950 .624 3.910 3.917 -.007 
41 2.000 .640 3.930 3.946 -.016 
42 2.050 .656 3.960 3.976 -.016 
43 2.100 .672 3.980 4.007 -.027 
44 2.150 .688 4.000 4.039 -.039 
45 2.200 .704 4.020 4.072 -.052 
46 2.250 .720 4.040 4.106 -.066 
47 2.300 .736 4.060 4.142 -.082 
48 2.350 .752 4.090 4.179 -.089 
49 2.400 .768 4.120 4.219 -.099 
50 2.450 .784 4.150 4.261 -.Ill 
51 2.500 .800 4.180 4.305 -.125 
52 2.550 .816 4.200 4.353 -.153 
53 2.600 .831 4.230 4.405 -.175 
54 2.650 .847 4.270 4.461 -.l9l 
55 2.700 .863 4.310 4.524 -.214 
56 2.750 .879 4.340 4.594 -.254 
67 
57 2.800 .895 4.390 4.676 -.286 
58 2.850 .911 4.430 4.430 .000 
59 2.900 .927 4.480 4.480 .000 
60 2.950 .943 4.530 4.530 .000 
61 3.000 .959 4.570 4.570 .000 
62 3.050 .975 4.630 4.630 .000 
63 3.100 .991 4.700 4.700 .000 
64 3.150 1.007 4.760 4.760 .000 
65 3.200 1.023 4.850 4.850 .000 
66 3.250 1.039 4.960 4.960 .000 
67 3.300 1.055 5.070 5.070 .000 
68 3.350 1.071 5.250 5.250 .000 
69 3.400 1.087 5.520 5.520 .000 
70 3.450 l.l03 6.120 6.120 .000 
71 3.500 l.l19 9.320 9.320 .000 
72 3.550 l.l35 9.900 9.900 .000 
73 3.600 l.l51 10.170 10.170 .000 
74 3.650 l.l67 10.320 10.320 .000 
75 3.700 l.l83 10.430 10.430 .000 
76 3.750 l.l99 10.520 10.797 -.277 
77 3.800 1.215 10.600 10.832 -.232 
78 3.850 1.231 10.670 10.865 -.195 
79 3.900 1.247 10.720 10.896 -.176 
80 3.950 1.263 10.790 10.925 -.135 
81 4.000 1.279 10.820 10.951 -.131 
82 4.050 1.295 10.860 10.977 -.117 
68 
83 4.100 1.311 10.890 11.000 -.110 
84 4.150 1.327 10.900 11.023 -.123 
85 4.200 1.343 10.940 11.044 -.104 
86 4.250 1.359 10.960 11.065 -.105 
87 4.300 1.375 10.990 11.084 -.094 
88 4.350 1.391 11.040 11.103 -.063 
89 4.400 1.407 11.040 11.120 -.080 
90 4.450 1.423 11.090 . 11.138 -.048 
91 4.500 1.439 11.090 11.154 -.064 
92 4.550 1.455 11.130 11.170 -.040 
93 4.600 1.471 11.130 11.185 -.055 
94 4.650 1.487 11.150 11.200 -.050 
95 4.700 1.503 11.170 11.214 -.044 
96 4.750 1.519 11.190 11.227 -.037 
97 4.800 1.535 11.210 11.241 -.031 
98 4.850 1.551 11.220 11.253 -.033 
99 4.900 1.567 11.230 11.266 -.036 
100 4.950 1.583 11.250 11.278 -.028 
101 5.000 1.599 11.270 11.290 -.020 
102 .000 .000 .000 .000 .000 
103 .000 .000 .000 .000 .000 
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PKAS PROGRAM BY RAMUNAS J. MOTEKAITIS 
10/I0/91 VERSION (Fortran 77) 
4.5 Potentiometric Titration to Determine the pKa of ISA (Titration 1) 
PCT C02 IN BASE .34 
LOG PROT CONST 1 10.00 
LOG PROT CONST 2 6.16 
MILLIMOLES LIGAND .32500 
NORMALITY OF BASE .10590 
INITIAL VOLUME 50.00 
NUMBEROFDATAPOINTS 67 
PH CORRECTION .000 
PKW 13.780 
ADDED ACID (MMOLES) .00000 
DISC INCREMENT .1000 
LIGAND CONCENTRATION AT VO 6.5000E-03 
M SIGMA LOGK 1 LOGK 2 
+ 34 79.07 11.3316 3.0455 
34 ITERATIONS .342105 OVERALL STD DEV IN LOG UNITS 79.071 SIGMA IN 
%H 
LOGK 1 = 11.3316 (.4591) 
LOGK 2 = 3.0455 (.0568) 
0 I VB A PH CALCD PH DIFF 
1 .000 .000 .000 .000 000 
2 .000 .000 2.800 2.800 .000 
3 .200 .065 2.840 2.840 .000 
4 .400 .130 2.870 2.813 .057 
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5 .600 .196 2.920 2.876 .044 
6 .800 .261 2.950 2.942 .008 
7 1.000 .326 3.100 3.011 .089 
8 1.200 .391 3.130 3.084 .046 
9 1.400 .456 3.190 3.162 .028 
10 1.600 .521 3.220 3.246 -.026 
11 1.800 .587 3.240 3.337 -.097 
12 2.000 .652 3.460 3.439 .021 
13 2.200 .717 3.520 3.556 -.036 
14 2.400 .782 3.640 3.696 -.056 
15 2.600 .847 3.810 3.877 -.067 
16 2.800 .912 3.980 3.980 .000 
17 3.000 .978 4.120 4.120 .000 
18 3.200 1.043 4.260 4.260 .000 
19 3.400 1.108 4.490 4.490 .000 
20 3.600 1.173 5.580 5.580 .000 
21 3.650 1.189 6.800 6.800 .000 
22 3.700 1.206 7.980 7.980 .000 
23 3.750 1.222 9.210 10.508 -1.298 
24 3.800 1.238 9.600 10.541 -.941 
25 3.850 1.255 9.630 10.573 -.943 
26 3.900 1.271 9.820 10.602 -.782 
27 3.950 1.287 9.940 10.630 -.690 
28 4.000 1.303 9.980 10.657 -.677 
29 4.200 1.369 10.250 10.752 -.502 
30 4.400 1.434 10.520 10.832 -.312 
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31 4.600 1.499 10.690 10.903 -.213 
32 4.800 1.564 10.760 10.965 -.205 
33 5.000 1.629 10.820 11.022 -.202 
34 5.200 1.694 10.900 11.073 -.173 
35 5.400 1.760 10.990 11.120 -.130 
36 5.600 1.825 11.120 11.164 -.044 
37 5.800 1.890 11.220 11.205 .015 
38 6.000 1.955 11.310 11.310 .000 
39 6.200 2.020 11.330 11.330 .000 
40 6.400 2.085 11.400 11.400 .000 
41 6.600 2.151 11.440 11.343 .097 
42 6.800 2.216 11.470 11.373 .097 
43 7.000 2.281 11.560 11.401 .159 
44 7.200 2.346 11.590 11.428 .162 
45 7.400 2.411 11.620 11.454 .166 
46 7.600 2.476 11.640 11.478 .162 
47 7.800 2.542 11.690 11.502 .188 
48 8.000 2.607 11.720 11.524 .196 
49 8.200 2.672 11.750 11.545 .205 
50 8.400 2.737 11.790 11.565 .225 
51 8.600 2.802 11.820 11.585 .235 
52 8.800 2.867 11.850 11.604 .246 
53 9.000 2.933 11.900 11.900 .000 
54 9.200 2.998 11.930 11.930 .000 
55 9.400 3.063 11.990 11.990 .000 
56 9.600 3.128 12.060 11.672 .388 
72 
57 9.800 3.193 12.070 11.688 .382 
58 10.000 3.258 12.080 11.703 .377 
59 10.200 3.324 12.100 11.717 .383 
60 10.400 3.389 12.250 11.731 .519 
61 10.600 3.454 12.260 11.745 .515 
62 10.800 3.519 12.270 11.758 .512 
63 11.000 3.584 12.270 11.771 .499 
64 11.200 3.649 12.270 11.783 .487 
65 .000 .000 .000 .000 .000 
66 .000 .000 .000 .000 .000 
67 .000 .000 .000 .000 .000 
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Potentimetric Titration of ISA 
Vol.KOH (ml) pH Vol.KOH (ml) pH Vol.KOH (ml) pH 
0.000 2.800 3.800 9.600 7.600 11.640 
0.200 2.840 3.850 9.630 7.800 11.690 
0.400 2.870 3.900 9.820 8.000 11.720 
0.600 2.920 4.000 9.980 8.200 11.750 
0.800 2.950 4.200 10.250 8.400 11.790 
1.000 3.100 4.400 10.520 8.600 11.820 
1.200 3.130 4.600 10.690 8.800 11.850 
1.400 3.190 4.800 10.760 9.000 11.900 
1.600 3.220 5.000 10.820 9.200 11.930 
1.800 3.240 5.200 10.900 9.400 11.990 
2.000 3.460 5.400 10.990 9.600 12.060 
2.200 3.520 5.600 11.120 9.800 12.070 
2.400 3.640 5.800 11.220 10.000 12.080 
2.600 3.810 6.000 11.310 10.200 12.100 
2.800 3.980 6.200 11.330 10.400 12.250 
3.000 4.120 6.400 11.400 10.600 12.260 
3.200 4.260 6.600 11.440 10.800 12.270 
3.400 4.490 6.800 11.470 11.000 12.270 
3.600 5.580 7.000 11.560 11.200 12.270 
3.650 6.800 7.200 11.590 
700 7.980 7.400 11.620 
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PKAS PROGRAM BY RAMUNAS J. MOTEKAITIS 
10/10/91 VERSION (Fortran 77) 
Potentiometric pH Titration to Determine the pKa of ISA (Titration 2) 
PCT C02 IN BASE 
LOG PROT CONST I 
LOG PROT CONST 2 
MILLIMOLES LIGAND 
NORMALITY OF BASE 
INITIAL VOLUME 
.35 
10.00 
6.16 
.42000 
.10693 
50.00 
NUMBER OF DATA POINTS 58 
PH CORRECTION .000 
PKW 13.780 
ADDED ACID (MMOLES) .00000 
DISC INCREMENT .1000 
LIGAND CONCENTRATION AT VO 8.4000E-03 
M SIGMA LOGK I LOGK 2 
+ 18 37.75 10.0438 3.7587 
18 ITERATIONS .147034 OVERALL STD DEV IN LOG UNITS 37.749 SIGMA IN 
%H 
LOGK I = 10.0438 (.2133) 
LOGK 2 = 3.7587 (.0414) 
0 I VB A PH CALCD PH DIFF 
I .000 .000 .000 .000 .000 
2 .000 
3 .200 
4 .400 
.000 3.100 3.100 
.051 3.150 3.150 
.102 3.200 3.131 
.000 
.000 
.069 
75 
5 .600 .153 3.250 3.222 .028 
6 .800 .204 3.360 3.312 .048 
7 1.000 .255 3.420 3.399 .021 
8 1.200 .306 3.470 3.483 -.013 
9 1.400 .356 3.540 3.566 -.026 
10 1.600 .407 3.590 3.648 -.058 
11 1.800 .458 3.680 3.729 -.049 
12 2.000 .509 3.790 3.811 -.021 
13 2.200 .560 3.880 3.895 -.015 
14 2.400 .611 3.990 3.983 .007 
15 2.600 .662 4.110 4.076 .034 
16 2.800 .713 4.240 4.177 .063 
17 3.000 .764 4.340 4.291 .049 
18 3.200 .815 4.470 4.424 .046 
19 3.400 .866 4.570 4.591 -.021 
20 3.600 .917 4.610 4.610 .000 
21 3.800 .967 4.720 4.720 .000 
22 4.000 1.018 4.890 4.890 .000 
23 4.200 1.069 5.100 5.100 .000 
24 4.300 1.095 5.220 5.220 .000 
25 4.400 1.120 5.370 5.370 .000 
26 4.500 1.146 5.450 5.450 .000 
27 4.600 1.171 5.800 5.800 .000 
28 4.700 1.197 6.030 6.030 .000 
29 4.800 1.222 8.670 8.670 .000 
30 4.900 1.248 9.200 9.540 -.340 
76 
31 5.000 1.273 9.420 9.596 -.176 
32 5.200 1.324 9.620 9.699 -.079 
33 5.300 1.349 9.780 9.747 .033 
34 5.400 1.375 9.830 9.793 .037 
35 5.600 1.426 10.070 9.880 .190 
36 5.800 1.477 10.200 9.963 .237 
37 6.000 1.528 10.340 10.044 .296 
38 6.200 1.578 10.430 10.124 .306 
39 6.400 1.629 10.490 10.202 .288 
40 6.600 1.680 10.570 10.282 .288 
41 6.800 1.731 10.620 10.362 .258 
42 7.000 1.782 10.680 10.443 .237 
43 7.200 1.833 10.710 10.526 .184 
44 7.400 1.884 10.760 10.610 .150 
45 7.600 1.935 10.780 10.780 .000 
46 7.800 1.986 10.890 10.890 .000 
47 8.000 2.037 10.840 10.840 .000 
48 8.200 2.088 10.860 10.860 .000 
49 8.400 2.139 10.880 11.001 -.121 
50 8.600 2.190 10.890 11.066 -.176 
51 8.800 2.240 10.900 11.125 -.225 
52 9.000 2.291 10.940 11.179 -.239 
53 9.200 2.342 11.000 11.228 -.228 
54 9.400 2.393 11.060 11.274 -.214 
55 9.600 2.444 11.080 11.315 -.235 
56 9.800 2.495 11.100 11.353 -.253 
77 
57 10.000 2.546 11.100 11.389 -.289 
58 .000 .000 .000 .000 .000 
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Potentiometric Titration of ISA 
Vol.KOH (m!) pH Vol.KOH (m!) pH Vol.KOH(ml) pH 
0.000 3.100 4.400 5.370 8.200 10.860 
0.200 3.150 4.500 5.450 8.400 10.880 
0.400 3.200 4.600 5.800 8.600 10.890 
0.600 3.250 4.700 6.030 8.800 10.900 
0.800 3.360 4.800 8.670 9.000 10.940 
1.000 3.420 4.900 9.200 9.200 11.000 
1.200 3.470 5.000 9.420 9.400 11.060 
1.400 3.540 5.200 9.620 9.600 11.080 
1.600 3.590 5.300 9.780 9.800 11.100 
1.800 3.680 5.400 9.830 10.00 11.100 
2.000 3.790 5.600 10.070 
2.200 3.880 5.800 10.200 
2.400 3.990 6.000 10.340 
2.600 4.110 6.200 10.430 
2.800 4.240 6.400 10.490 
3.000 4.340 6.600 10.570 
3.200 4.470 6.800 10.620 
3.400 4.570 7.000 10.680 
3.600 4.610 7.200 10.710 
3.800 4.720 7.400 10.760 
4.000 4.890 7.600 10.780 
4.200 5.100 7.800 10.890 
4.300 5.220 8.000 10.840 
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PKAS PROGRAM BY RAMUNAS J. MOTEKAITIS 
10/10/91 VERSION (Fortran77) 
Potentiometric Titration to Determine the pKa of ISA (Titration 3) 
PCT C02 IN BASE .34 
LOG PROT CONST 1 10.00 
LOG PROT CONST 2 6.16 
MILLIMOLES LIGAND .50790 
NORMALITY OF BASE .10693 
INITIAL VOLUME 50.00 
NUMBER OF DATA POINTS 58 
PH CORRECTION .000 
PKW 13.780 
ADDED ACID (MMOLES) .00000 
DISC INCREMENT .1000 
LIGAND CONCENTRATION AT VO 1.0158E-02 
M 
+34 
SIGMA LOGK 1 LOGK2 
3.2322 47.14 12.1172 
34 ITERATIONS .158208 OVERALL STD DEV IN LOG UNITS 
%H 
LOGK 1 = 12.1172 (.1804) 
LOGK 2 = 3.2322 (.2107) 
0 I VB A PH CALCDPH DIFF 
1 .000 .000 .000 .000 .000 
2 .000 .000 2.520 2.520 .000 
3 .200 .042 2.550 2.550 .000 
4 .400 .084 2.600 2.600 .000 
47.145 SIGMA IN 
80 
5 .600 .126 2.630 2.818 -.188 
6 .800 .168 2.690 2.871 -.181 
7 1.000 .211 2.740 2.926 -.186 
8 1.200 .253 2.800 2.981 -.181 
9 1.400 .295 2.870 3.036 -.166 
10 1.600 .337 2.920 3.093 -.173 
11 1.800 .379 3.010 3.150 -.140 
12 2.000 .421 3.110 3.208 -.098 
l3 2.200 .463 3.200 3.268 -.068 
14 2.400 .505 3.310 3.329 -.019 
15 2.600 .547 3.430 3.392 .038 
16 2.800 .589 3.560 3.459 .101 
17 3.000 .632 3.660 3.529 .131 
18 3.200 .674 3.790 3.604 .186 
19 3.400 .716 3.890 3.686 .204 
20 3.600 .758 4.030 3.777 .253 
21 3.800 .800 4.140 3.881 .259 
22 4.000 .842 4.310 4.005 .305 
23 4.200 .884 4.520 4.161 .359 
24 4.400 .926 4.790 4.790 .000 
25 4.600 .968 5.350 5.350 .000 
26 4.700 .990 6.580 6.580 .000 
27 4.800 l.Oll 9.220 9.220 .000 
28 4.900 1.032 9.750 9. 750 .000 
29 5.000 1.053 9.970 9.970 .000 
30 5.200 1.095 10.170 10. 170 .000 
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31 5.400 1.137 10.380 10.720 -.340 
32 5.600 1.179 10.620 10.839 -.219 
33 5.800 1.221 10.750 10.932 -.182 
34 6.000 1.263 10.890 11.009 -.119 
35 6.200 1.305 10.980 11.075 -.095 
36 6.400 1.347 11.040 11.132 -.092 
37 6.600 1.390 11.120 11.182 -.062 
38 7.000 1.474 11.230 11.268 -.038 
39 7.200 1.516 11.260 11.305 -.045 
40 7.400 1.558 11.300 11.339 -.039 
41 7.600 1.600 11.330 11.371 -.041 
42 7.800 1.642 11.380 11.401 -.021 
43 8.000 1.684 11.420 11.429 -.009 
44 8.200 1.726 11.480 11.455 .025 
45 8.400 1.768 11.500 11.479 .021 
46 8.600 1.811 11.550 11.503 .047 
47 8.800 1.853 11.620 11.525 .095 
48 9.000 1.895 11.680 11.546 .134 
49 9.200 1.937 11.770 11.770 .000 
50 9.400 1.979 11.830 11.830 .000 
51 9.600 2.021 11.900 11. 900 .000 
52 9.800 2.063 11.940 11.940 .000 
53 10.000 2.105 11.970 11.637 .333 
54 10.200 2.147 12.010 11.653 .357 
55 10AOO 2.190 12.030 11.668 .362 
56 10.600 2.232 12.040 11.683 .357 
Vol.KOH (m!) pH 
0.000 2.520 
0.200 2.550 
OAOO 2.600 
0.600 2.630 
0.800 2.690 
1.000 2.740 
1.200 2.800 
1.400 2.870 
1.600 2.920 
1.800 3.010 
2.000 3.110 
2.200 3.200 
2.400 3.310 
2.600 3.430 
2.800 3.560 
3.000 3.660 
3.200 3.790 
3.400 3.890 
3.600 4.030 
3.800 4.140 
4.000 4.310 
4.200 4.520 
4.400 4.790 
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Potentiometric Titration of ISA 
Vol.KOHml) pH 
4.600 5.350 
4.700 6.580 
4.800 9.220 
4.900 9.750 
5.000 9.970 
5.200 IO.I70 
5.400 I0.380 
5.600 10.620 
5.800 I0.750 
6.000 I0.890 
6.200 I0.980 
6.400 I 1.040 
6.600 II.120 
7.000 I 1.230 
7.200 I 1.260 
7.400 I 1.300 
7.600 I 1.330 
7.800 I 1.380 
8.000 I 1.420 
8.200 I 1.480 
8.400 11.500 
8.600 I 1.550 
8.800 I 1.620 
Vol.KOH(ml) pH 
9.000 11.680 
9.200 11.770 
9.400 11.830 
9.600 11.900 
9.800 11.940 
IO.OOO I 1.970 
I0.200 12.010 
I0.400 I2.030 
10.600 I2.040 
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Potentiometric T itration to Determine the pKa Value ofiSA 
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Figure 26: pKa Titration (I) 
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Figure 29: pKa Titration (IV) 
Titration of Potassium Hydrogen Phthalate (KHP) to Standardise the KOH Solution 
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Gran Plots to Determine C02 Concentration in KOH Solution 
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RESULTS 
STABILITY CONSTANT DETERMINATION 
BY 
POTENTIOMETRIC METHOD 
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Eu-Glycolate 
Eu(OH)3 
Eu(Gly)(OH)2 
~ 
Potentiometric T itration 
E uropium-Glycolate & Nickel-Glycolate 
12 
10 
Ni-Glycolate 
Ni(OH)2 
pH 8 Ni(Gly)(OH) 
Eu(Gly)2(0H) 6 Ni(Gly)2 
Eu Gly 2+ 4 
N iGJy+ 
2 4 6 8 2 
0 2 4 
Volume KOH Volume KOH 
Figure 45 
00 
00 
6 8 
Potentiometric Titration Ca-ISA 
14~-------------------------------------, 
12 
10 
::I: 8 
0.. 
6 
4 
Ca(ISA)2 
I-+- pH "' Voi.{O.B393 M KOH) ~ 
0 2 3 
VolumeKOH 
4 5 6 
Figure 46 
RESULTS 
STABILITY CONSTANT DETERMINATION 
BY 
ANION EXCHANGE I SCHUBERT METHOD 
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Ion-Exchange (Schubert) Method 
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loo-exchange (Schubert) Method 
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Sm-lSA Complexation 
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RESULTS 
DV-SPECTROPHOTOMETRY TO 
DETERMINE THE STABILITY 
CONSTANTS OF 
Ni-ISA 
Ni-Gluconate 
Ni-Glycolate 
Cerium-ISA 
Cerium -Gluconate 
98 
UV Spectrophotometry Method to Determine the Stability Constant of 
Ni-Gluconate 
pH=7 A. 1=300nm 
SampleNr Ni 2+ Ni 2+ Gluconic Gluconic Abs A.=nm 
g/100ml Mol/dm 3 g/100ml Mol!dm 3 
1.0 0.29081 10"2 0.17814 1 * 10"2 0.1946 300 
2.0 " " 0.35628 2*10"2 0.1982 300 
3.0 " " 0.53442 3*10"2 0.1992 300 
4.0 " " 0.71256 4*10"2 0.2019 300 
5.0 " " 0.89070 5*10"2 0.2033 300 
6.0 " " 1.06884 6*10"2 0.2609 300 
Molar Extinction Coefficient ofNi Hat 300 nm = 0.1828 
Molar Extinction Coefficient of Gluconate at 300 nm = 0.0410 
Table32 
pH=13 A-2= 300 nm 
SampleNr Ni 2+ Ni 2+ Gluconic Gluonic Abs A.=nm 
g/100ml Moll dm3 g/100ml Mol!dm 3 
1.0 0.29081 10"2 0.17814 1 * 1 o·2 0.0613 300 
2.0 " " 0.35628 2*10"2 0.0620 300 
3.0 " " 0.53442 3*10"2 0.0650 300 
4.0 " " 0.71256 4*10"2 0.0662 300 
5.0 " " 0.89070 5*10"2 0.0669 300 
6.0 
" " 1.06884 6*10"2 0.0705 300 
Molar Extinction Coefficient ofNi 2+ at 300 nm = 0.1828 
Molar Extinction Coefficient of Gluconate at 300 nm = 0.0410 
Table33 
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UV-Spectrophotometry Method to Determine the Stability Constant of 
Ni-Giuconate 
pH= 13.5 A.t= 394 nm 
g/1 Molldm3 
SampleNr. pH Abs 
Na-Glu Ni2+ Na-Glu Ni2+ 
109.70 14.54 0.50 0.05 13.30 0.62106 
1.0 
2.0 " " " " 13.50 0.63056 
3.0 " " " " 13.50 0.64772 
4.0 " " " " 13.50 0.52215 
Molar Extinction Coefficient ofNi ~+at 394 nm = 0.2859 
Molar Extinction Coefficient ofNa-Gluconate at 394 nm = 0.0664 
Table34 
pH= 13.5 A2 = 670nm 
Sample g/1 Moll dm3 pH Abs 
Nr 
Na-Glu. Ni2+ Na-Glu Ni 2+ 
1.0 109.70 14.54 0.50 0.05 13.50 0.26932 
2.0 " " " " 13.50 0.27222 
3.0 " " " " 13.30 0.27711 
4.0 " " " " 13.40 0.20821 
Molar Extinction Coefficient of Ne+ at 670 nm = 0.1206 
Molar Extinction Coefficient ofNa-Gluconate at 670 nm = 0.0412 
Table 35 
A. =run 
394 
394 
394 
394 
A.=nm 
670 
670 
670 
670 
100 
UV-Spectrophotometry Method to Determine the Stability Constant of 
Ni-Giycolate 
pJ - t= H3 13 A. 300 nm 
Sample Ni 2+ Ni 2+ Glycolic Glycolic pH Abs /.,=run 
Nr g/100ml Moll dm 3 g/100ml Mol/dm3 
1.0 0.1454 5*10-3 0.38025 5*10-2 3.26 0.12120 300 
2.0 " " " " 4.40 0.12140 300 
3.0 " " " " 8.24 0.12270 300 
4.0 " " " " 9.30 0.14570 300 
5.0 " " " " 10.35 0.87140 300 
6.0 " " " " 11.04 0.77200 300 
7.0 " " " " 13.22 0.62890 300 
Molar Extinction Coefficient of Ni 2+ at A, = 300 run = 0.1105 
Molar Extinction Coefficient of Gly. at A.= 300 run = 0.0398 
Table36 
pl 
-
H313 A, 396 2= 
Sample Ni 2+ Ni 2+ Glycolic Glycolic pH Abs. A. =run 
Nr. 
g/100ml Molldm 3 g/100ml Mo1/dm 3 
1.0 0.1454 5*10-3 0.38025 5*10-2 3.16 0.06838 396 
2.0 " " " " 4.22 0.08282 396 
3.0 " " " " 8.17 0.08449 396 
4.0 " " " " 9.06 0.09730 396 
5.0 " " " " 10.31 0.48910 396 
6.0 " " " " 11.42 0.45080 396 
7.0 " " " " 13.30 0.35950 396 
Molar Extinction Coefficient ofNi 2+ at A.= 396 mn = 0.0588 
Molar Extinction Coefficient of Gly. at A.= 396 mn = 0.0345 
Table37 
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UV-Spectrophotometry Method to Determine the Stability Constant of 
Ni-ISA 
pH=13 1..=200 nm 
Sample g/100ml Mol/dm, Abs. e =Mor1*L*cm·' A.=nm 
Nr. 
Ni2+ ISA Ne+ ISA 
1.0 0.02908 0.0221 0.001 1 * 1 o-3 3.17 3170 200 
" 0.0442 " 2*10-3 2.91 1455 200 
2.0 
" 0.0663 " 3*10-3 3.23 1077 200 
3.0 
" 0.0884 " 4*10-3 3.39 848 200 
4.0 
" 0.1105 " 5*10-3 3.31 662 200 
5.0 
" 0.1326 " 6*10-3 3.28 547 200 
6.0 
" 0.1547 " 7*10-3 3.32 474 200 
7.0 
Molar Extinction Coefficient ofNi Z+ at 200 run= 0.1220 
Molar Extinction Coefficient ofNa-ISA at 200nm = 1.9825 
Table38 
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UV-Spectrophotometry Method to Determine the Stability Constant of 
Ni-ISA 
pH= 13.36-13.40 
Sample g/ lOOm! Mol/ dm .> pH Abs 
Nr. 
Na-ISA Ni2+ Na-ISA Ni2+ 
1.0 0.4 1.454 0.0181 0.05 13.36 0.13339 
2.0 0.6 " 0.0272 " 13.60 0.78689 
3.0 2.0 " 0.0909 " 13.60 0.79234 
4.0 4.0 " 0.1818 " 13.32 0.88525 
5.0 5.0 " 0.2272 " 13 . .40 0.98361 
Molar Extinction Coefficient ofNi "+at 395 nm = 0.1982 
Molar Extinction Coefficient ofNa-ISA at 395 nm = 0.057375 
Table39 
pH= 13.32- 13.60 
g/100 ml Mol/dm"' pH Abs 
Sample 
Ni2+ Ni2+ Nr Na-ISA Na-ISA 
1.0 0.4 1.454 0.0181 0.05 13.60 3.78 
2.0 0.6 " 0.0272 " 13.32 3.80 
3.0 2.0 " 0.0909 " 13.40 3.85 
4.0 4.0 " 0.1818 " 13.45 3.87 
5.0 5.0 " 0.2272 " 13.40 3.93 
Molar Extinction Coefficient ofNi "+at 230 nm = 0.1205 
Molar Extinction Coefficient ofNa-ISA at 230 nm =1.48085 
Table 40 
UV-Spectrophotometry Method to Determine the Stability Constant of 
Ni-Gluconate 
0,14.,..-------------------, 
UV-Spectrophotometry 
o, 13 NI-Giueonate 
l.=39S nm pH• 7 
0,12 Figure 64 
0,11 
0,10 
0,09 -1--..... --...---------------1 
0,00 0,01 0,02 0,03 O,o4 0,05 0,06 0,07 
Nl 2+ NI,. Gluconic Gluonic Abs A=nm 
Sample Nr g/100ml MoVdm3 g/100ml Molldm 3 
1.0 0.29081 10"2 0.17814 1*10"2 0.0966 395 
2.0 " . 0.35628 2*10"2 0.1073 395 Table41 
3.0 . " 0.53442 3*10"2 0.1110 395 
4.0 " " 0.71256 4*10"2 0.1187 395 
5.0 " " 0.89070 5*10-2: 0.1217 395 
6.0 " . 1.06884 6*10"2 0.1346 395 
Molar Extinction Coefficient of NI ,. at 395 nm = 0.0849 
Molar Extinction Coefficient of Gluconate at 395 nm = 0.0348 
.... 
8 
UV -Spectrophotometry Method to Determine the Stability Constant of 
Ni-Giuconate 
0,049..-------------------, 
UV .Spectrophotometry 
0,048 NI-Giuconate 
l=393 nm pH•13 
o,047 Figure 65 
0,046 
0,045 1-+- Abl vs Con(molldm3) I 
0,044 -1--------------------1 
0,00 0,01 0,02 
Sample Nr. Ni2+ Ni2+ 
lq/100ml mol/dm 3 
1.0 0.2908 10'3 
2.0 " " 
3.0 " " 
4.0 " " 
5.0 " " 
6.0 " " 
0,03 0,04 
Cc(moUdm') 
Gluconic 
q/100ml 
0.17814 
0.35628 
0.53442 
0.71256 
0.89070 
1.06884 
0,05 0,06 
Gluconic 
mol/dm 3 
10'2 
2•1o·' 
3°10'2 
4•1o·' 
s•1o·' 
e•1o·' 
Molar Extinction Coefficient of Ni "• at 393 nm = 0.0851 
Molar Extinction Coefficient of Na Gluconate at 393 nm = 0.0350 
0,07 
Abs 
0.0445 
0.0452 
0.0453 
0.0457 
0.0461 
0.0481 
A.=nm 
393 
393 
393 
393 
393 
393 
Table 42 
UV-Spcctrophotomctry Method to Determine the Stability Constant of 
Ni-Giuconate 
0,204 .,------------------~,..--., 0,204 .,-----------------------. 
0,202 
0,200 
Abs 
0,198 
0,196 
UV- Spectrophotometry 
Ni-Giuconate 
pH= 7 A.=300nm 
curve fitting sigma plot 
y= yO+ax 
y = 0,19 +0,17x 
• 
• Col 1 vs Col 2 
- Abs vs Con (mol/dm' ) 
0,194 ~-""'-.------------,....---.,.....-.-..! 
0,202 
0,200 
0,198 
0,196 
UV-Spectrophotometry to Determine the 
Stability Constant of Ni-Giuconate 
pH=7 A.=JOOnm 
0,00 0,01 0,02 0,03 0,04 0,05 0,06 O,Oi 0,194 ~--....---..... -----...... ----.---,....---4 
3 ~00 CL. (molfdm) 0,01 
Figure 66 Figure 67 
0,02 0,03 0,04 
CL (mol /dm3) 
0,05 0,06 0,07 
0 
Vl 
UV-Spectropbotometry Method to Determine the Stability Constant ofNi-ISA 
1,2 
1,0 
0,8 
.8 0,6 
< 
0,4 
0,2 
0,0 
0,00 
Sample 
Nr. Na-ISA 
1.0 0.4 
2.0 0.6 
3.0 2.0 
4.0 4.0 
UV-Spectrophotometry 
NI-ISA 
)..=395 nm pH= 13.3-13.6 
l-o- Abs vs Con (molldm3) I 
0,05 0,10 0,15 0,20 
g! lOOml Mol / dm 3 pH 
Ni2+ Na-ISA Ni2+ 
1.454 0.0181 0.05 13.36 
" 0.0272 " 13.60 
11 0.0909 11 13.60 
11 0.1818 11 13.32 
0,25 
5.0 5.0 11 0.2272 " 13 .. 40 
Molar Extinction Coefficient ofNi 2+ at 395 run = 0. 1982 
Molar Extinction Coefficient ofNa-ISA at 395 nm = 0.057375 
Figure 68 
Abs 
0.13339 
0.78689 
0.79234 
0.88525 
0.98361 
Table 43 
0 
0\ 
UV -Spectrophotometry Method to Determine the Stability Constant of Ni-ISA 
Sample 
Nr 
1.0 
2.0 
3.0 
4.0 
5.0 
3,94 
3,92 
3.90 
3,88 
3,86 
.. 
D 
< 3,84 
UV-5pectrophotometry 
NI~SA 
). • 230 nm pH•13.32-13.60 
3,82 
3,80 
1-- Atn vs Con (molldm') I 
3 ,78 
3,76 
0,00 0,05 0,10 0,15 0,20 
g/100 ml Mol / dm 3 
Na-ISA Ni2+ Na-ISA Ni2+ 
0.4 1.454 0.018 1 0.05 
0.6 11 0.0272 11 
2.0 11 0.0909 11 
4.0 11 0. 1818 11 
5.0 11 0.2272 11 
Molar Extinction Coefficient ofNi 2+ at 230 run = 0.1205 
Molar Extinction Coefficient ofNa-ISA at 230 run = 1.48085 
Figure 69 
0,25 
pH Abs 
13.60 3.78 
13.32 3.80 
13.40 3.85 
13.45 3.87 
13.40 3.93 
Table 44 
V -Spectrophotometry Method to Determine the Stability Constant of 
Ce-Gluconate 
2,00 
1,95 
1,90 
Abs 1,85 
1,80 
1,75 
UV-Spectrophotometry 
Ce-Giuconate 
No<273 nm pH 12,40·12,70 
1-- Aba vs Con (mol/dm•) I 
1,70 ..,_ ___________ ....... ________ ...,. 
0,000 0,001 0,002 0,003 0,004 0,005 0,006 0,007 
Sample g/100 ml giL mol ldm' Absorption pH t = Mor '•L •cm·• 
Gluconatc Gluconate Gluconate 
1.0 0.02 14 0.214 o.98 t• to·l 1.7376 12.55 1771.25 
2.0 0.0437 0.437 2.003•1o·J 1.7973 12.45 897.30 
3.0 0.0654 0.654 2.998•t o·J 1.863 1 12.70 62 1.44 
4.0 0.0873 0.8730 4.00•10'3 1.9060 12.40 45 1.50 
5.0 0.1093 1.0930 5.0IO• to·J 1.8879 12.55 376.82 
6.0 0.1306 1.3060 s.986• 1 o·J 1.97 17 12.45 299.31 
Figure 70 
)..=nm 
273 
273 
273 
273 
273 
273 
Table 45 
0 
00 
UV -Spectrophotometry Method to Determine the Stability Constant of 
Ce-Gluconate 
Abs 
3,86 
3,84 
3,82 
3,80 
3,78 
3,76 
3,74 
3,72 
3,70 
UV-Spectrophotometry 
Ce-Giuconate 
A.=212nm pH= 12.37-12.75 
3,68 1- A bs vs Con (moUdm3) 
3.66 
3,64 
0,001 0,002 0,003 0,004 0,005 0,006 0,007 
CL (molldm31 
Sample g/IOOml gll moVdm3 Abs pH s • mol'10 L • cm'1 
1.0 0 02 18 0.218 o.999 •1 o·' 3.6628 12.74 3666 
2.0 0.0436 0.436 1.99 •1 0'3 3.6648 12.44 1841 
3.0 0.0654 0.654 2.998• 10' 3 3.6872 12.69 1229 
4.0 0.0873 0.873 4.00° 10'3 3.7384 12.37 934.6 
5.0 0. 1091 1.091 5.010•1 0" 3.7953 12.53 758 
6.0 0.1308 1.308 5.996•1 0'3 3.8230 12.56 638 
7.0 0.1527 1.527 7.00 . 10' 3.8436 12.75 549.08 
Figure71 
0,008 
l."'llm 
212 
212 
212 
Table 46 
212 
212 
212 
212 
r 
UV -Absorption Spectrophotometry Method to Determine the Stability Constant of Ce-ISA 
3.40 -t'""'-------------------..... 
3.38 
3.36 
3.34 
3.32 
UV-Spectrophotometry 
Ce-ISA 
A.= 215nm pH=13 
1----- Abs vs Con(mol/dm3) I 
3.30 ~--~----------~-----...... 
0,005 0.010 0 015 0,020 0,025 
CL (mol/dm3) 
0.030 0.035 0,040 
umplc g IOOml g L Mol drn3 Ab orption pH e =Mol L *cm·' A. 
ISA ISA !SA nm 
!.Cl 0.2 125 2.125 9 615*10' 3.3043 12 .98 316.57 215 
2.0 0.32fi7 3.267 L478*Hr· 2.938R I' .10 198 83 215 
3.0 0.41 (13 4.103 1.856*1 o·l 3.3181 13.20 178.77 215 
·tO 0.5060 5 060 2 289* 10'• 3.3322 13.00 145.57 215 
5.0 0.6527 6 527 2.9-3•~tr· 3.3" 19 13.1 0 113.50 215 
6.0 o.785o "' .856 3 554*10'• 3.3XI5 13.01 95.134 215 
Figure 72 
Table 47 
0 
UV -Spectrophotometry Method to Determine the Stability Constant of 
Ce-ISA 
3 ?-----------------------------------------~ 
2 
Abs 
UV-Spectrophotometry 
Ce-ISA 
A.= 265nm pH 12-1 3 
I ~ Abs vs Con (mol/dm3) 
0 +-----~----~----~----~------~----~----~ 
0.005 0,010 
Sample g/ IOOml 
ISA 
1.0 0.21 25 
2.0 0.3267 
3.0 0.4103 
4.0 0.5060 
5.0 0.6527 
6.0 0.7856 
0,015 0,020 0,025 
CL (mol/dm3) 
g!L Mol/dmJ Absorption 
ISA ISA 
2. 125 9.615•1 o-j 0.4496 
3.267 1.4 18• 1 o-l 0.7208 
4.103 1.856• 1 o-• 0.8681 
5.060 2.289• 1o-l 1.0398 
6.527 2.953• 1 o-• I 3079 
7.856 3.554 • 1 o·l 1.7643 
0,030 0,035 0.040 
pH E =Mol-•L•cm-1 A.=nm 
12.97 46.76 265 
12.58 48.76 265 
12.80 46.n 265 
12.80 45.42 265 
13. 10 44.29 265 
12.70 49.64 265 
Figure 73 
Table 48 
-
UV-Spectrophotometry Method to Determine the Stability Constant of 
Ce-ISA 
1.3184 
1,0726 
Abs 0,8492 
0,7374 
UV-Spectrophotometry 
Ce-ISA 
A.= 267 nm pH= 12.6-1 3.00 
0,4469 
0,3396 
1-- AbsvsCon(moVdm3JI 
0,005 0,010 0,015 0,020 0,025 0.030 0.035 
Ce-ISA(267) 3 5.02 
Sample g!IOOml g / L Moi /L Abs pH &=mol-
I*L*cm-1 
1.0 0.2125 2.2125 0.9615• 1o· 0.33956 12.73 46.76 
2.0 0.3267 3.267 1.478*10'2 0.44693 12.81 48.76 
3.0 0.4103 4.103 1.856*10'2 0.73743 12.49 46.77 
4.0 0.5060 5.060 2.289* 10"2 0.84916 12.70 45.42 
5.0 0.6527 6.527 2.953• 10·2 1.0726 12.69 44.29 
6.0 0.7856 7.856 3.554*10"2 1.3184 13.00 49.64 
7.0 0.8020 8.020 3.629*1 0"1 1.5073 12.73 41.53 
8.0 0.8190 8.190 3.705*1 0"2 1.8547 12.61 50.05 
Figure 74 
0.040 
A."llm 
267 
267 Table 49 
267 
267 
267 
267 
267 
267 
RESULTS 
STABILITY CONSTANT DETERMINATION 
BY 
UV -ABSORPTION SPECTROPHOTOMETRY 
METHOD 
UV -Absorption Spectrophotometry to Determine the Stability Constant of NickeJ-ISA 
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Figure 75 Wavelength (A.=nm) 
UV-Absorption Spectrophotometry to Determine the Stability Constant of Ni-ISA 
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UV-Absorption Spectrophotometry to Determine the S tabili ty Constant of Ni-lSA 
4,30 
4.0 
-+-
- - - I 
-
- '-
--
1- I Abs=3 7347 ~ 
-j 
3,8 
3,6 
3,4 
:t~ /...=222 09 nm I 
I lP>" , I 
--r-If I 
I 
3,2 1 I 
3,0 
A 2,8 
b 2,6 
s 2.4 
I 
- I 
I I I 
I 
' I I 
0 2,2 
2,0 
r 
1,8 
b 
1,6 
a 1,4 
n 1,2 
I 1-I 
-- ---· ~ -- -- -- - -I 
! 
; 
c 1,0 
e 
0,8 
0,6 
Abs=0.8604 5 
\ iA.'-'300.03 nm 
1\ l Abs=0.239 ~9 
0,4 \ A. =9_13.93 rtrn 
0,2 \ ....---
I 
'- I _/ ---...... 
-0,06 
-
1-- :----
190,0 300 400 500 600 700 800 900 1000 1100,C 
F igu re 77 Wavelength (A.=nm) 
UV-Absorptioo Spectrophotometry to Determine the Stability Constant ofNi-ISA 
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UV-Absorption Spectrophotometry to Determine the Stability Constant of ofNi-Glycolate 
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Wavelength (A. = nm) 
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UV-Absorptioo Spectrophotometry to Determine the Stability Constant ofNi-Glucooate 
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UV-Absorption pectrophotometry to Determine the Stability Constant ofNi-Giuconate 
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UV -Absorption Spectrophotometry to Determine the Stability Constant of Ni-Gluconate 
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UV-Absorption Spectrophotometry to Determine the Stabili ty Constant of Ni-Giucooate 
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GC-MS Spectrum ofiSA 
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Acquired: •oct-39-1993 94:97:26 + 2:56 
Range: 59-399 Ihrsh: lilY. RIC: 150831 
Mass Counts X Base Mass Counts Y. Base Mass Counts Y. Base 
59 013 1.71 13 47590 Ullil.lillil 133 1109 2.59 
51 1229 2.57 74 9451 19.09 147 36679 77.21 52 3536 7.44 75 7386 15.55 148 513:il 19.80 
53 1658 3.49 76 1964 2. 24 . ua 6165 12.98 55 876 1.84 11 563 1.19 688 1.45 57 563 1.19 78 625 1.32 H~ 1126 2.37 58 1596 3.36 19 1815 3.8~ 469 9.99 59 3595 7.38 87 4116 9.0 219 719 1.52 
~r 751 1.58 u 5997 19.54 397 599 1.115 688 1.45 938 1.98 399 594 1.25 63 1032 2.17 95 1999 4.112 
65 2996 4.41 192 4116 a·. 86 66 2347 4.94 193 876 1.84 
67 1439 3.93 117 4116 9. 86 71 438 11.92 131 1815 3.82 
72 2120 4.40 132 688 1.45 
MLSr> Figure 108 
I i 
' I I' 
' ' 
Figure 109 
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GC-MS Result ofiSA 
RT-List 1 
1= J LE 1. 1·1ETHOD 
I''EAf(# AREFr·; 
1 .... ,[;.. 
..:. ·-'· ~~133 
"' 25. 343: ~ 3 23. :.1? 
4 19. 6~.)2 
~ 
·-' o. ~~1:37 
6 o. [166 
? Cl. (109 
:::: (1. 806 
9 0. ~3~~1:3 
10 0. ~354 
11 o. 004 
12 o. 266 
B [1. [153 
14 13. 02B 
15 ~~1. (187 
16 ? 84:::: ~-17 o. 0:1.7 
18 ('1. '''14 19 ,). '3:12 
2~3 (1. 0:<4 
21 0. ~307 
")•";o 
,;;.,;:.. 0. £108 
2J 0. 013 
24 0. 014 
25 ~3. 008 
26 0. 011 
27 o. 01 
2:3 0. 072 
29 '3. 056 
J:O o. tH3G 
31 t1. ~309 
·::---.. 
~~ [1. 1315 
33 13. 91 
34 ~z1. :=:o6 
35 o. 014 
36 13. (135 
3? H. (1?6 
-::·Q 
_,,_, o. 094 
39 [1. 003 
40 o. o~~~s 
41 [1. [111 
.a.;: ... .au. 
Table 50 
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GC-MS Result ofiSA 
RT-Index 1 
(13:17: 
o. f;:l_ll·l 
-·--' llnJEi< 
RT ~1f:::Efi HC: 
1. 1)9 9B::::t~J ~32 
1. 16 100(134 02 
1. 23: 91458 f32 
1. 2:3 77~i7:? ~38 
:t. 49 345 06 
1. 54 ;=l6~~~ 87 
1. 76 :?::~3 05 
. ., H .-, -:- ~~16 ~- .-.:.::. 
.-, 17 :?.8 06 ~-
.-.. 
~. 24 ~=-!.15 ~'36 
., 
.:::. ~-.;:.._, :14 (:16 
.-, 
~- 41 104::: 87 
-, 
~. -~ .J~ ~·(19 05 
2. 7~ '~· 1:1(1 ~32 
~~. ·::.--, ,_.._ "'4:: ~1:=! 
., 
:E' 15164 03 _; .. 
J. 52 61S rn 
J. 67 54 01 
4. 15 49 01 
~ 
·-'· 
77 1-z< 01 
6. 55 26 ~:11 
6. 73 ?.~3 0:1. 
::::. ::Z? 5:? F1:::: 
.-. -,~ t:' t::' HJ o. .;; .• _1 ~-' ._) 
C> 
·-·· --· 
. ........ :::.~::: 01 
9. 14 45 01 
9. 46 39 01 
9. 7:3 2:36 ~12 
9. Q~ 
--· ·-· 
::::21 (:C: 
cU}. 11 23 (Jl 
10. 26 -::·7 ·~'I 01 
10. 64 61-3 01 
113, ::; < 3:5:::~:~. ~:~2 
11. 02 ?183 03 
11. 2B C" _,,. ()j_ 
11. 4 1:<8 U:t 
12. 1:, :?O:t 02 
:12. 17 ::~? ~=-: ~)]: 
1?. 04 1 ~, f}1 
J.3. ~54 ?[1 lci1 
13. 76 4:;: 01 
~ JiH f2=1 
49 
• 
..) 
Jt<>ECT 
Ci-IAHNEL A 
CHRt~HEL rl H~-.iECT 
L_ __ ·~-1 
~;=--------
f.;; 
Lj~:~5 
..... .;::1 
5.51 
::.49 
• 15 &: £4 
.• 71 
. 73 9. 60 
_10.09 
02:4·::t:(17 
f.lK~"""··-·i"'·!=====~ 
E.:_J:1:11. 12 
i~:·;g]'_ 
14. !54 
5.39 
15.6-3 
19.90 
11. 98 
FILE 1. 11ETHOD 
PERK# AREA;( 
1 25.113 
2 2].247 
3 20. :~:t:::: 
4 21. 491 
5 0.003 
6 0.032 
0.208 
<l 0.043 
9 0.042 
10 7. 164 
11 13. 016 
12 (1. (121 
13 o. 243 
14 0.026 
15 o. 0135 
:16 0.02 
17 0. 012 
1B [1. 02 
19 0.011 
20 0.054 
21 0.044 
22 0. (11)7 
. .,., 
~j o. 01 
24 0.736 
..25. ...L\--~~-d 
26 0.013 
27 0. 015 
28 0. 188 
29 0.167 
](1 !1. 1~137 
3:1 0. ~;1"1 
32 o. 0\!5 
n 0.007 
?,4 0.009 
-,.,_. 0.017 .::-.J 
Table 51 
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GC-MS Result ofiSA 
RT-Index2 
02:49:07 
0. Rlitj 4 I~' DE:< 
RT AREA BC 
0.98 8S3:51 02 
1.()] 8:1.78:-~ 82 
1.13 7148:< 02 
1.14 75611 08 
1. 58 113 05 
2. 1)1 114 05 
2. 16 733 02 
2.27 153 03 
2.61 147 02 
2. :35 252~15 03 
3.23 5B 01 
3.85 73 01 
4.81 B56 01 
5.5:1 90 01 
6. 49 18 0:1 
8.07 71 02 
8.15 41 03 
8.34 71 0:1 
8.71 3.7 01 
9.6 191 01 
9.78 :t55 01 
1(1. 09 ~~ r.:: .• ~ f:H 
10. 47 35 131 
10.72 2588 02 
.. •tGI~--QO:: ::n.:::9 en 
11.12 46 (3:1 
11.31 ~4 01 
1:1.98 66:-< 02 
12.03 ~88 BJ: 
13.4 26 0:1 
13.62 3:8 01. 
14.54 18 01 
15.]9 23 01 
15.68 32 01 
19.9 59 0:1. 
CH= "Au PS= 1. 
4 
RESULTS 
METAL- LIGAND COMPLEX 
STABILITY CONSTANT RESULTS OF 
METAL 
CERIUM 
EUROPIUM 
SAMARIUM 
TERBIUM 
NICKEL 
-COBALT 
CALCIUM 
USING: 
I) POTENTIOMETRY 
11) ANION EXCHANGE 
LIGAND 
GLUCONIC ACID 
GLYCOLIC ACID 
ISOSACCHARINIC ACID 
Ill) UV- SPECTROPHOTOMETRY 
IV) ELECTROMIGRATION 
RESULTS 
STABILITY CONSTANT RESULTS 
USING POTENTIOMETRIC TITRATION 
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Stability Constant Results 
Potentiometeric Titration 
. 
Europium Glycolate 
pH 3-11.5 
Experimental Results Literature Value 
ML M*L LogKI=3.49 Log K1= 2.93 
ML2 M*L2 LogK2= 1.58 Log K2= 5.07 
ML3 M*L3 LogK3= 1.45 LogK3= 6.52 
Log 13 = 6.52 Log 13 = 14.52 
Table 52 
Europium Gluconate 
pH 3-11.5 
Experimental Results Literature Value 
ML M*L LogK1=3.66 LogKI=2.74 
ML2 M*L2 LogK2=4.21 LogK2=4.97 
Log 13 = 7.87 Log 13= 7.71 
Table 53 
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Nickel Glycolate 
pH 3-11.5 
Experimental Results Literature Value 
ML M*L Log K1 = 1.74 LogK1= 1.69 
MLz M*L2 LogKz=3.40 Log Kz= 2.70 
ML3 M*L3 LogK3=4.43 LogK3= 3.05 
LogB = 8.57 LogB=7.44 
Table 54 
Nickel ISA 
pH 3-11.5 
Experimental Results Literature Value 
ML M*L LogK1 =2.21 No lit. value available 
MLz M*L2 LogKz=3.73 " 
ML3 M*L3 LogK3= 5.27 
LogB=11.21 " 
Table 55 
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Calcium ISA 
pH 3-11.5 
Experimental Results Literature Value 
ML M*L LogK1=0.70 No lit. value available 
MLz M*L2 LogKz=0.92 " 
ML3 M*L3 LogB= 1.62 
" 
Table 56 
Cobalt ISA 
pH 3-11.5 
Experimental Results Literature Value 
ML M*L LogK1= 1.64 No lit. value available 
MLz M*L2 LogKz= 2.23 " 
ML3 M*L3 LogK3= 3.02 
" 
LogB=6.89 
Table 57 
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Europium ISA 
PH 3-11.5 
Experimental Results Literature Value 
ML M*L Log Kt =2.50 No lit. value available 
ML2 M*L2 LogK2 =3.83 " 
ML3 M*L3 LogK3=5.67 
" 
LogB= 12 
Table 58 
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Calculation of the Potentiometric Titration to obtain the Stability Constant of 
Europium Glycolate 
EU + Glycolic Acid 
Gly .3126 
Eu .1024 
H .3126 
50.00 .1038 
0.0 0101 0200 0300 L-
3.83 0101 0200 0301 HL 
0.00 0100 0201 0300 Eu3+ 
3.49 0101 0201 0300 EuL 
5.o? 0102 0201 0300 EuL2 
6.52 0103 0201 0300 EuL3 
6.40 0104 0201 0300 EuL4 
-7.80 0100 0201 03-1 Eu(OH)2+ 
-17.28 0100 0201 03-2 Eu(OH)2+ 
-26.29 0100 0201 03-3 Eu(OH)J 
-38.20 0100 0201 03-4 Eu(OH)4. 
-6.00 0101 0201 03-1 Eu(OH)L 
0.0 0100 0200 0301 H+ 
-13.78 0100 0200 03-1 Oil 
0.0000 2.9500 -8.0 -3.0 
0.1000 2.9800 
0.2000 3.0300 
0.3000 3.0500 
156 
0,4000 3.0700 
0.5000 3.1300 
0.6000 3.1700 
0.7000 3.2000 
0.8000 3.2400 
0.9000 3.2800 
1.0000 3.3200 
1.1000 3.3600 
1.2000 3.4000 
1.3000 3.4300 
1.4000 3.4700 
1.5000 3.5200 
1.6000 3.5600 
1.7000 3.6200 
1.8000 3.6600 
1.9000 3.7100 
2.0000 3.7500 
2.1000 3.8000 
2.2000 3.8600 
2.3000 3.9200 
2.4000 3.9800 
2.5000 4.0400 
2.6000 4.1000 
2.7000 4.1800 
2.8000 4.2500 
2.9000 4.3100 
157 
3.0000 4.4200 
3.1000 4.5400 
3.2000 4.7000 
3.3000 4.9300 
3.4000 5.4100 
3.5000 7.0200 
3.6000 7.3400 
3.7000 7.4600 
3.8000 7.5400 
3.9000 7.5800 
4.0000 7.6200 
4.1000 7.6500 
4.2000 7.6800 
4.3000 7.7200 
4.4000 7.7500 
4.5000 7.7800 
4.6000 7.8200 
4.7000 7.8700 
4.8000 7.9400 
4.9000 8.0300 
5.0000 8.1500 
5.1000 8.3600 
5.2000 9.0200 
5.3000 9.6400 
5.4000 9.9900 
5.5000 10.2500 
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5.6000 10.4200 
5.7000 10.5200 
5.8000 10.6400 
5.9000 10.7200 
6.0000 10.7900 
6.1000 10.8400 
6.2000 10.9000 
6.3000 10.9300 
6.4000 10.9700 
6.5000 11.0200 
6.6000 11.0600 
6.7000 11.0900 
6.8000 11.1300 
6.9000 11.1500 
7.0000 11.1900 
7.1000 11.2000 
7.2000 11.2400 
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Program BEST vers.l0/10/91 
Eu+ Glycolic Acid Titration 
DATEANDTIME 11-17-2004 09:08 
INITIAL VOLUME 50.0000 
NORMALITY OF BASE 0.10050 
MILLIMOLES ACID 0.00000 
NUMBER DATA POINTS 73 
PH CORR.INCLUDED 0.000 
SPECIES: 
LOG BETA 
1 .0000 1 Gly OEu OH 
2 3.8300 I Gly OEu IH 
3 .0000 OGiy I Eu OH 
4 3.4900 I Gly I Eu OH 
5 5.0700 2Giy I Eu OH 
6 6.5200 3 Gly I Eu OH 
7 6.4000 4Gly I Eu OH 
8 -7.8000 OG!y I Eu -I H 
9 -17.2800 OGly 1 Eu -2H 
IO -26.2900 OGly I Eu -3 H 
II -38.2000 OG!y I Eu -4H 
I2 -4.765I I Gly I Eu -1 H 
13 .0000 OGiy OEu IH 
14 -13.7800 0 Gly OEu -I H 
SIGMA PH FIT= .687436 
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DIFFERENCE TABLE: DIFF=LOGBETA(I)-LOGBETA(I-1) 
I DIFF ERROR 
1 .0000 .0000 
2 3.8300 .0000 
3 -3.8300 .0000 
4 3.4900 .0000 
5 1.5800 .0000 
6 1.4500 .0000 
7 -.1200 .0000 
8 -14.2000 .0000 
9 -9.4800 .0000 
10 -9.0100 .0000 
11 -11.9100 .0000 
12 33.4349 .0000 
13 4.7651 .0000 
14 -13.7800 .0000 
VB PH AI A2 A3 
.000 2.950 .000 .000 .000 
.100 2.980 .032 .098 .032 
.200 3.030 .064 .196 .064 
.300 3.050 .096 .294 .096 
.400 3.070 .129 .393 .129 
.500 3.130 .161 .491 .161 
.600 3.170 .193 .589 .193 
.700 3.200 .225 .687 .225 
161 
.800 3.240 .257 .785 .257 
.900 3.280 .289 .883 .289 
1.000 3.320 .321 .981 321 
1.100 3.360 .354 1.080 .354 
1.200 3.400 .386 1.178 .386 
1.300 3.430 .418 1.276 .418 
1.400 3.470 .450 1.374 .450 
1.500 3.520 .482 1.472 .482 
1.600 3.560 .514 1.570 .514 
1.700 3.620 .547 1.668 .547 
1.800 3.660 .579 1.767 .579 
1.900 3.710 .611 1.865 .611 
2.000 3.750 .643 1.963 .643 
2.100 3.800 .675 2.061 .675 
2.200 3.860 .707 2.159 .707 
2.300 3.920 .739 2.257 .739 
2.400 3.980 .772 2.355 .772 
2.500 4.040 .804 2.454 .804 
2.600 4.100 .836 2.552 .836 
2.700 4.180 .868 2.650 .868 
2.800 4.250 .900 2.748 .900 
2.900 4.310 .932 2.846 .932 
3.000 4.420 .964 2.944 .964 
3.100 4.540 .997 3.D42 .997 
3.200 4.700 1.029 3.141 1.029 
3.300 4.930 1.061 3.239 1.061 
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3.400 5.410 1.093 3.337 1.093 
3.500 7.020 1.125 3.435 1.125 
3.600 7.340 1.157 3.533 1.157 
3.700 7.460 1.190 3.631 1.190 
3.800 7.540 1.222 3.729 1.222 
3.900 7.580 1.254 3.828 1.254 
4.000 7.620 1.286 3.926 1.286 
4.100 7.650 1.318 4.024 1.318 
4.200 7.680 1.350 4.122 1.350 
4.300 7.720 1.382 4.220 1.382 
4.400 7.750 1.415 4.318 1.415 
4.500 7.780 1.447 4.417 1.447 
4.600 7.820 1.479 4.515 1.479 
4.700 7.870 1.511 4.613 1.511 
4.800 7.940 1.543 4.711 1.543 
4.900 8.030 1.575 4.809 1.575 
5.000 8.150 1.607 4.907 1.607 
5.100 8.360 1.640 5.005 1.640 
5200 9.020 1.672 5.104 1.672 
5.300 9.640 1.704 5.202 1.704 
5.400 9.990 1.736 5.300 1.736 
5.500 10.250 1.768 5.398 1.768 
5.600 10.420 1.800 5.496 1.800 
5.700 10.520 1.833 5.594 1.833 
5.800 10.640 1.865 5.692 1.865 
5.900 10.720 1.897 5.791 1.897 
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6.000 10.790 1.929 5.889 1.929 
6.100 10.840 1.961 5.987 1.961 
6.200 10.900 1.993 6.085 1.993 
6.300 10.930 2.025 6.183 2.025 
6.400 10.970 2.058 6.281 2.058 
6.500 11.020 2.090 6.379 2.090 
6.600 11.060 2.122 6.478 2.122 
6.700 11.090 2.154 6.576 2.154 
6.800 11.130 2.186 6.674 2.186 
6.900 11.150 2.218 6.772 2.218 
7.000 11.190 2.250 6.870 2.250 
7.100 11.200 2.283 6.968 2.283 
7.200 11.240 2.315 7.066 2.315 
VB A PH PHCALC DIFF 
1 .000 .000 2.950 2.792 .158 
2 .100 .032 2.980 2.830 .150 
3 .200 .064 3.030 2.869 .161 
4 .300 .096 3.050 2.911 .139 
5 .400 .129 3.070 2.954 .116 
6 .500 .161 3.130 3.000 .130 
7 .600 .193 3.170 3.047 .123 
8 .700 .225 3.200 3.096 .104 
9 .800 .257 3.240 3.147 .093 
10 .900 .289 3.280 3.200 .080 
11 1.000 .321 3.320 3.254 .066 
12 1.100 .354 3.360 3.310 .050 
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13 1.200 .386 3.400 3.367 .033 
14 1.300 .418 3.430 3.424 .006 
15 1.400 .450 3.470 3.483 -.013 
16 1.500 .482 3.520 3.542 -.022 
17 1.600 .514 3.560 3.603 -.043 
18 1.700 .547 3.620 3.664 -.044 
19 1.800 .579 3.660 3.727 -.067 
20 1.900 .611 3.710 3.790 -.080 
21 2.000 .643 3.750 3.856 -.106 
22 2.100 .675 3.800 3.925 -.125 
23 2.200 .707 3.860 3.996 -.136 
24 2.300 .739 3.920 4.072 -.152 
25 2.400 .772 3.980 4.153 -.173 
26 2.500 .804 4.040 4.242 -.202 
27 2.600 .836 4.100 4.342 -.242 
28 2.700 .868 4.180 4.458 -.278 
29 2.800 .900 4.250 4.600 -.350 
30 2.900 .932 4.310 4.788 -.478 
31 3.000 .964 4.420 5.085 -.665 
32 3.100 .997 4.540 5.957 -1.417 
33 3.200 1.029 4.700 7.244 -2.544 
34 3.300 1.061 4.930 7.615 -2.685 
35 3.400 1.093 5.410 7.853 -2.443 
36 3.500 1.125 7.020 8.042 -1.022 
37 3.600 1.157 7.340 8.210 -.870 
38 3.700 1.190 7.460 8.370 -.910 
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39 3.800 1.222 7.540 8.527 -.987 
40 3.900 1.254 7.580 8.683 -1.103 
41 4.000 1.286 7.620 8.833 -1.213 
42 4.100 1.318 7.650 8.966 -1.316 
43 4.200 1.350 7.680 9.078 -1.398 
44 4.300 1.382 7.720 9.171 -1.451 
45 4.400 1.415 7.750 9.249 -1.499 
46 4.500 1.447 7.780 9.317 -1.537 
47 4.600 1.479 7.820 9.377 -1.557 
48 4.700 1.511 7.870 9.432 -1.562 
49 4.800 1.543 7.940 9.483 -1.543 
50 4.900 1.575 8.030 9.531 -1.501 
51 5.000 1.607 8.150 9.577 -1.427 
52 5.100 1.640 8.360 9.622 -1.262 
53 5.200 1.672 9.020 9.667 -.647 
54 5.300 1.704 9.640 9.712 -.072 
55 5.400 1.736 9.990 9.757 .233 
56 5.500 1.768 10.250 9.805 .445 
57 5.600 1.800 10.420 9.854 .566 
58 5.700 1.833 10.520 9.907 .613 
59 5.800 1.865 10.640 9.964 .676 
60 5.900 1.897 10.720 10.027 .693 
61 6.000 1.929 10.790 10.098 .692 
62 6.100 1.961 10.840 10.179 .661 
63 6.200 1.993 10.900 10.271 .629 
64 6.300 2.025 10.930 10.371 .559 
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65 6.400 2.058 10.970 10.473 .497 
66 6.500 2.090 11.020 10.569 .451 
67 6.600 2.122 11.060 10.655 .405 
68 6.700 2.154 11.090 10.730 .360 
69 6.800 2.186 11.130 10.796 .334 
70 6.900 2.218 11.150 10.855 .295 
71 7.000 2.250 11.190 10.907 .283 
72 7.100 2.283 11.200 10.954 .246 
73 7.200 2.315 11.240 10.996 .244 
SIGMA PH FIT= .687436 
RESULTS 
STABILITY CONSTANT RESULTS USING 
ANION EXCHANGE I SCHUBERT METHOD 
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Log 10 Stability Constant Results using the anion exchange (Schubert) method 
Metal-ligand Stability Constant (Log K) 
(M-L) nH=7 nH=13 
Eu-Giuconate 14.67 28.03 
Eo-Glycolate 13.90 28.15 
Eu-ISA 4.33 31.34 
Ce-ISA 5.50 28.96 
Ni-Giuconate 1.27 21.20 
Ni-Giycolate 6.41 31.17 
Ni-ISA 1.97 24.45 
Sm-Giuconate 7.59 22.16 
Sm-Giycolate 5.12 29.35 
Sm-ISA 4.81 23.56 
Table 59 
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Stability Constant calculation of Europium Gluconate using 
anion exchange (Schubert) method 
Mol dm_, Log Log Log Log Log Log l(,jav 
Nr [L] [L] l(,j1 l(,j2 l(,j3 l(,j4 l(,jav (anti log) 
1.0 10-8 -8.00 2.343 2.395 2.452 2.273 2.365 231.739 
2.0 10-7 -7.00 2.276 2.277 2.419 2.251 2.305 201.836 
3.0 10"6 -6.00 2.244 2.247 2.202 2.203 2.224 167.494 
4.0 10-5 -5.00 2.212 2.184 2.133 2.183 2.178 150.660 
5.0 10"' -4.00 2:145 2.173 2.123 2.164 2.151 141.579 
6.0 10-3 -3.00 2.047 2.131 2.103 2.132 2.103 126.765 
7.0 10-2 -2.00 1.906 2.065 2.095 2.109 2.043 110.407 
8.0 10-1 -1.00 0.970 1.905 2.089 2.033 1.749 56.104 
Table 60 
Activity Activity/g 
Nr. Activity /ml Activity/15ml Total activity /ml Total activity /O.Ig Resin 
added Resin 
1.0 1538.3 23074.5 2748.1 41221.5 18147 181470 
2.0 1181.8 17727 2748.1 41221.5 23494.5 234945 
3.0 791.7 11875.5 2748.1 41221.5 29346 293460 
4.0 915.8 13737 2748.1 41221.5 27484.5 274845 
Table 61 
K.!Oav=-----------
4 
K.!Oav = 246.88 (calculated) 
K.!Oav = 316.227 (diagram) 
1<.!0 
117.967 
198.802 
370.670 
300.114 
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Nr Kcav KcOav KcOav 
Log ---1 
Kcav 
1.0 231.739 316.227 -0.4382 
2.0 201.836 316.227 -0.2466 
3.0 167.494 316.227 -0.0515 
4.0 150.660 316.227 0.04097 
5.0 141.579 316.227 0.09116 
6.0 126.765 316.227 0.17452 
7.0 110.407 316.227 0.27049 
8.0 56.104 316.227 0.66618 
Tab1e62 
KcOav KcOav 
Log [L] Log ---1 Log ---1 
Kdav K.Jav 
KcOav ( diagram) KcOav (calculation) 
-8.00 -0.4382 -1.1848 
-7.00 -0.2466 -0.65136 
-6.00 -0.0515 -0.32425 
-5.00 0.04097 -0.19473 
-4.00 0.09116 -0.12856 
-3.00 
-2.00 
-1.00 
Table63 
y=yO+ax 
yO= 0,4763; 
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0.17452 
0.27049 
0.66618 
Std.error = 0,1775; RSqr= 0,89855 
a= 0,0884 
y = 0,6539+0,0884x 
Log~ =yO+A 
A value for Europium (A)= 14.0161 
Log ~ = 0.6539+.A 
Log~ (Europium-Gluconate) = 14.67 
-0.02340 
0.09205 
0.53152 
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Ion Exchange Method to Determine the Stability Constant ofEu-Gluconate 
2~-------------------------------------------. 
~ 
~ 1 
' > m 
"C 0 ~ 
m 
0 
"C 
::.:: 
~
Cl 0 
.Q 
-1 +-------~--------.-------~--------.-------~ 
-10 -8 -6 -4 -2 0 
Figure 111 Log[L) 
RESULTS 
STABILITY CONSTANT RESULTS USING 
UV-SPECTROPHOTOMETRY METHOD 
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Stability Constant Results using UV-Spectrophotometry 
Cerium-Giuconate (Ce-Giu) 
Nr pH7 pH 13 
1.0 Log K1 = 3.301 Log K1 = 3.641 
2.0 Log K2 = 3.435 Log K2 = 4.014 
LogB=6.736 LogB =7.655 
Table64 
Cerium-ISA (Ce-ISA) 
Nr. pH7 pH 13 
1.0 Log K1 = 1.743 Log K1= 3.303 
2.0 LogK2 =3.314 Log K2= 4.335 
LogB=5.057 LogB= 7.638 
Table65 
Nickei-Giuconate (Ni-Giu) 
Nr pH 7 pH 13 
1.0 Log K1- 1.443 Log K1 = 2.001 
2.0 Log K2= 1.483 LogK2= 3.047 
LogB = 2.926 LogB = 5.048 
Table66 
Nr 
1.0 
2.0 
Table67 
Nr 
1.0 
2.0 
Table 68 
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Nickel- ISA (Ni-ISA) 
pH 7 pH13 
Log K1 = 1.286 Log K1= 1.585 
Log K2 = 1.380 Log K2 = 3.560 
Log 13 = 2.666 Log 13= 5.145 
Nickel Glycolate 
pH7 pH 13 
Log K1= 2.312 Log K1= 2.230 
Log K2= 2.308 Log K2 = 3.522 
Log 13= 4.620 Log 13=5.752 
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Stability Constant calculation of Cerium Gluconate from the 
UV-Absorption Spectrophotometry Results 
Lp[M][L] 
K=!\E----
L\D= D -ELLp [L]- EM Lp [M] 
K = Dissociation Constant of the Complex 
Ec =Molar Extinction Coefficient of the Complex 
EM =Molar Extinction Coefficient of the Metal 
EL= Molar Extinction Coefficient of the Ligand 
[M] =Initial Metal Concentration 
[L] =Initial Ligand Concentration 
Lp =Path Length (cm) 
D= Optical Density (Absorption) 
[M]= 5 *104 
[LJ= 5.012 * w-3 
D= 1.8879 
EL =0.0074 
Lp= I 
oc=376.82 
!lE= 376.82-0-0.0074 = 376.8126 
!ID= 1.8879-(0.0074 [5.012*10-3)] = 1.8878 
:MJ[L] = 25.050 * 10'7 
Log K=3.301 
STABILITY CONSTANTS 
OF 
METAL-GLYCOLATE COMPLEX 
[M]"+ 
Nil+ 
Sm3+ 
Eu3+ 
Tb3+ 
Table 69 
175 
Stability Constant 
Metal-Glycolate 
Experimental Results Lit. Value 
Log 13 =8.57 (pH 3-10) Log K1 =1.69 Log6=7.44 
Log 6= 31.17 (pH>10) Log Kz= 2.70 
LogK3=3.05 
Log 6=5.12 (pH 3-10) LogKI=2.91 Logp = 14.49 
Log 6=29.35 (pH>10) LogKz=5.01 
Log K3=6.57 
Log 6 =6.52 (pH 3-10) LogK1= 2.93 
Log 6 = 28.15(pH>10) LogKz=5.07 Log p =20.92 
Log K3= 6.52 
Log~=6.40 
Log K1=2.12 Log P=5.57 LogK1=2.82 Log P=13.75 
Log Kz=l.73 Log Kz=4.91 
Log K3=1.12 LogK3=6.02 
Ref. 
[109] 
[109] 
[109] 
[109] 
STABILITY CONSTANTS 
OF 
METAL-GLUCONATE COMPLEX 
[M]"+ 
Ni2+ 
Ce3+ 
Sm3+ 
Eu3+ 
Tb3+ 
Table 70 
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Stability Constant 
Metal-Gluconate 
Experimental Results Lit. Value 
Log ll =1.27 (pH 3-10) Log K1= 1.82 
Log ll = 21.20 (pH >10) LogKz= 29.4 
Log P=1.75±0.66 
Log ll=31.39±0.76 
Log ll= 3.43 (pH 3-10) LogK=39.0 
Log ll = 7.66 (pH >10) 
Log ll= 7.59 (pH 3-10) LogK1 = 2.76 Log P=7.64 
Log ll = 22.16 (pH >10) LogK2= 4.88 
Log K=18.30 
Log K1 = 1.31 Log fl= 2.74 Log K1 = 2.74 Log p =7.71 
Log K2 = 1.43 (pH 3-10) LogK2 =4.97 
Log ll = 28.03 (pH>10) 
LogK1 = 2.96 Log P= 6.69 LogK1=2.47 Log p =5.78 
Log K2 =2.60 LogKz =2.20 
Log K3 = 1.13 Log K3 =1.11 
Ref. 
[109] 
[130] 
[137] 
[109] 
[137] 
[109] 
[137] 
STABILITY CONSTANTS 
OF 
METAL -ISA COMPLEX 
[M]"+ 
Ca2+ 
Ni2+ 
Ce3+ 
SmJ+ 
Eu3+ 
TbJ+ 
Table 71 
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Stability Constant 
Metal-ISA 
Experimental Results 
Log Kt= 0.2 Log 6 =1.2 
Log Kz=l.O 
Log 6=1.97 (pH 3-10) 
Log 6=24.45 (pH>10) 
Log 6= 5.50 (pH 3-10) 
Log 6= 28.96 (pH> 10) 
Log 6= 4.81 (pH 3-10) 
Log 6= 23.56 (pH> 10) 
Log 6= 3.2 (pH 3-10) 
Log 6= 31.34 (pH>10) 
Log K=3.07 Log P=7.56 
Log K=2.69 
Log K=1.80 
Lit. Value Ref. 
No Lit. value 
avaliable 
Log 6= 2.20±0.36 
Log 6 = 29.85±0.89 [130) 
No Lit.Value 
available 
" 
" 
" 
CHAPTER FIVE 
Discussion of Results 
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Discussion of Results 
NMR 
Nuclear Magnetic Resonance Spectroscopy (NMR) deals with the measurements of energy 
gaps between different energy states . Unlike other spectroscopic methods, for example, 
Infrared (IR) and Ultraviolet (UV), NMR requires the presence of an external magnetic field 
and concerns nuclei rather than electrons. 
The technique is applied for structural analysis of organic compounds, by investigating the 
commonly found elements like hydrogen and carbon. Generally carbon and hydrogen atoms 
with odd numbers of protons and I or neutrons are nmr active. Using 13C and 1H-NMR 
technique, organic compounds (C-H) are characterised. Also functional groups as well as 
fragments with hydrogen atoms attached to carbon atoms can be investigated. The mnr 
instrument integrates the area of a measured compound as follows. 
When no signal is present, it draws a horizontal line. When the signal is reached the line 
ascends and levels off when the signal ends. The relative distance from Plateau to Plateau 
gives the relative area. Because of spin-spin coupling most nmr spectra do not show simple 
single peaks but rather groups of peaks that tend to cluster about certain o values. The position 
(chemical shifts) of peaks are measured from a reference point produced by the protons (H's) 
in tetramethylsilane (CH3)4-Si . This substance has a reference point at o=O ppm or 't = 10 
ppm. Both scales are used and give additive o+'t= 10. Electropositive atoms such as silicon 
(Si) shields proton. The proton in tetramethylsilane (CH3)4Si are so shielded and upfield that 
they are usually fully isolated from all other kinds of protons. For this reason (CH3)4Si is used 
as an internal reference. 
Deuterium (020) does not give a signal in the proton nmr spectrum nor does it split near by 
protons therefore deuterated dimethyl sulfoxide ((CH3)2-SO-D6 )] was used to analyse the 
ISA sample. In the nuclear magnetic resonance spectra (mnr) of ISA, the chemical shift of the 
proton is between 2 and 5ppm.The chemical shift (o) in ppm depends upon temperature, 
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concentration, pH and type of solvent used. In determining ISA with mnr, six carbon signals 
are expected. These are, aliphatic carbon (C-H), carbons attached to hydroxyl (-CH2-0H) and 
ether oxygen (-O-CH3), carboxylic (COOH) and carbonyl carbons (C=O). The 1H NMR 
signals ofiSA show that the protons of C-H, OH and COOH of various shells (m,d,s,) are 
between 1.2-4.55 ppm (figures 103-105). The integrated peaks of these protons (H's) 
at: o= 1.21 1.95; (2.3-2.5) ;(3.3-3.9) (4.0-4.5) ppm are shown in figure 103. 
Interpretation of the ISA nmr signals: 
1H NMR signals ofiSA have given the following results: 
a) &=1.98 ppm indicates a secondary proton Rz-CH2 (H2 in this case) 
b) o= 2.30 ppm indicates a-proton of the carbonyl group H-CHz-C=O 
c) o= 3.30 ppm shows ether proton R-0-CHz-H 
I 
OR 
d) o= 3.44-3.45 ppm comes from the alcohol proton HO-CH2-H 
e) o =4.5 indicates proton bound to C- double bond (olefine) -C=CH- compound. 
These chemical shifts and coupling constants ofiSA were in agreement with those expected 
for the proton alpha (a) to the five member ring (furan molecule) of3-deoxy-2-C-
hydroxymethyl-D-erythro-pentono-1 ,4-lactone( a-D-isosaccharino-1 ,4-lactone) of the ISA 
molecule (Table 3). 
13C NMR signals of ISA showed the following results: 
o= 176.86(C-1) 
o= 77.77(C-4) 
o= 76.17(C-2) 
o= 63.10 (C-2•) 62.73 (C-5) 
o= 33.30 (C-3) 
Similar to the 1 H NMR results, the 13C NMR results ofiSA are also in a very good agreement 
with the literature value [7] [24]. 
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Infrared Absorption (IR) 
The ISA absorption band in the region 1728-1740 cm·1 corresponds to the stretching vibration 
of the carbonyl group (C=O). The peak between 3000 and 3400 cm·1 is due to OH stretching. 
The peaks at 1200-1500cm·1 are due to the C-H bonds. Hydroxyl (OH) ofiSA shows an 
infrared spectrum with a fairly sharp absorption band at 3480cm"1 owing to a free or 
unassociated hydroxyl group. There is a relatively broad band around 3400 cm"1 which is 
a characteristic of hydrogen bonded hydroxyl group(Figure 100). TheIR absorption bands 
1740 cm-1; 1730 cm-1; 1728 cm·1 (figures 95-101) confirm that, the ISA is a lactone ring 
(furan molecule) with a carbonyl function [7]. 
UV-VIS 
In this project, UV -Spectrophotometry experiments were applied to determine the stability 
constants ofCe-ISA, Ni-ISA, Ce-Gluconate, Ni-Gluconate, Ni-Glycolate and also to identify 
the ring opening of the lactone-ISA. 
Lactone-ISA /Straight Chain Molecule 
UV radiation is usually absorbed by a chromophore rather than by the molecule as a whole. 
Chromophores are in most cases covalent unsaturated groups like for example carbonyl and 
carboxyl groups. These functional groups usually absorb in the near-uv or visible region. 
The presence of an absorbance band at a particular wavelength often is a good indicator of the 
presence of a specific chromophore. However, the position of the absorbance maximum is not 
fixed but depends particularly on the molecular environment of the chromophore and the 
solvent in which the sample is dissolved. Other parameters such as pH and the temperature 
also cause changes in both the intensity and the wavelength of the absorbance maxima. 
In aqueous solution, the lactone-ISA hydrolyses and becomes straight chain molecule 
especially in the presence of base KOH or NaOH [2]. 
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To study this effect UV -Spectrophotometry was used. The carbonyl functional group (C=O) 
of the lactone ISA absorbed ultraviolet radiation at the wavelength of220.39nm; 220.55nm; 
226.15 nm respectively (figures 95-97). The carboxyl functional group (COOH) of the 
straight chain ISA absorbed at wavelength of204.lnm; 202.98nm; 206.63 nm (figures 91-94). 
In other words, after the dissociation of the lactone-ISA, the ring molecule was converted into 
straight chain molecule and the maximum absorption of Amax became shorter. 
Results of both experimental methods have shown that the UV -Spectrophotometry method is 
straight forward and reliable. The following discussion summarises a study of the complexes 
formed between the metals Ce, Ni and the Iigands Gluconic, Glycolic and ISA. 
Spectrophotometric data for Ni-ISA, Ni-Gluconate, Ni-Glycolate, Ce-ISA, Ce-Gluconate, Ce-
Glycolate were obtained (tables 64-68). Some of the experimental solutions were equilibrated 
between 2-8 days. ISA and Gluconate form stable complexes with Ni and Ce in basic and 
neutral solutions. The complexes ofNi and Ce with ISA, Gluconic and Glycolic acids, at pH 
7, pH I 3 and between pH 3- I 3 were investigated. In each experiment, concentrations of the 
Iigands were varied, whereas concentrations of the metals were kept constant. This method is 
called the molar ratio method. In these experiments, the concentration of ISA was between 
0.0096 and 0.2 mol dm'3 and the concentration of gluconate was in the range 0.01-0.06 mol 
dm'3, The concentration of glycolate was chosen between 0.01 and 0.05 mol dm-3• 
The concentration of the metals, nickel and cerium was in the range 0.001-0.01 mol dm'3• 
Ni-ISA absorption diagrams are shown in figures 68-69 and in figures 75-78. 
A small Ni-ISA uv absorption has occurred at wavelength of666.78 nm (Figure 76), which 
confirms the Joyce & Pickering investigations of metal-hydroxy carboxylic acid complexation 
[128]. Since ISA is a carboxylic acid this uv-vis absorption between 600-700 nm applies for 
metal-ISA complexation also. 
Ni-ISA complexation studies using uv, in pH range 13.36-13.40 at wavelength 395 nm 
(Table 39) have shown that that absorptions are in the expected range (Abs= 0. I -0.9). 
182 
However, at pH 13 and wavelength 200 nm (Table 38) and in the pH range 13.32-13.36 and 
wavelength 230 nm (Table 40) measured absorptions were 3.1-3.3 and 3. 7-3.9 respectively. 
The absorptions ofCe-ISA complexation at pH 13 and at wavelength 215 nm (Table 47) were 
between 2.98 and 3.38 .It is assumed that, the high absorptions obtained in both uv 
complexation studies (Ce-ISA and Ni-ISA) in the wavelength region (200-230 nm) at pH 13.3 
comes from the free hydroxide (OH) concentration. 
Ni-Giuconate UV-measurements showed absorptions between :(a) 200-300nm (b) 300-395nm 
(c) 665-675 nm respectively and Ni-Giycolate absorptions were between 300 and 396 nm. 
Ce-ISA complex absorbed uv radiation at 267 nm. It was observed that Cerium Gluconate 
possesses two absorptions at A.1= 210nm and at A.2=272nm. 
Further more, in Ni-ISA, Ni-Giuconate, Ce-ISA and Ce-Gluconate UV -Absorption 
measurements, small absorption at about A.=980 nm was observed (figures 75-78) (figures 82-
83) (figures 88-90). This could be interference due to chemical or physical reasons. It could 
also be scattering caused by particles suspended in solutions. 
The minimal absorption at - 980 nm can not be defined simply as scattering, baseline shift or 
unwanted broad absorbing component. It emerges also during the UV -Abs. measurements of 
organic solvents, for example aceton (A.=265 nm) and the like. However, this absorption at 
980nm is not significant and lies outside the range of the analytical wavelength of interest 
(UV-VIS = 200-800nm), therefore it could not be considered as absorption of Metal-Ligand 
complex. 
UV -Spectrophotmetry method to determine the stability constant of the Metal and Ligands 
mentioned above, shows that nearly all Metal-Ligand complexation reactions obey Beer's law. 
The molar extinction coefficients (e =A I c. d) of the metals and the ligands used were 
measured separately at wavelength range used for complexation studies as shown in the 
tables 32-49. The absorptions obtained at specific wave length have shown that the measured 
metal ions are strongly complexed to gluconic acid and ISA. 
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Stable Ce-ISA, Ce-Giuconate, Ni-ISA, and Ni-Giuconate and Ni-Glycolate complexes appear 
to be formed in basic solution above pH 7. The absorption wavelength (A. =run) for the metal 
ligand complexations are presented in figures 75-90. The UV -Absorption spectrum ofNi-
Giycolate and the Ni-Gluconate, at 300 and 370 and 670 nm indicate that a complex is formed 
between pH 9 to13. For Ce-ISA it is likely that complexes like [Ce-ISA]2+; [Ce(ISA)2] +; Ce-
(ISA)J; [Ce(ISA)(OH)2]; Ce(OH)J are formed and for Ce-Gluconate complexes like 
[Ce(Glu)2r; [C~(Giu)(OH)2r could be formed. The equilibrium reaction of cerium 
gluconate can be represented as follows: 
Ce3++ HGlu""' Ce (Glu)2+ + W 
[Ce(Gluil [W] 
K= 
GC-MS 
Hydroxy Carboxylic Acids are insufficiently volatile to enable separation by gas liquid 
chromatography. Therefore, they have to be converted into their 0-substituted derivatives 
prior to GC-MS analysis. For this purpose, trimethylsilyl (TMS) ester was used to derivatise 
ISA. The ISA sample was dissolved in pyridine and hexamethyldisilazane(HMDS) and 
trimethylsilylchlorosilane (TCMS) were added. The TCMS has two functions, first it helps to 
avoid partial dissociation of the lactone ISA, second it converts the neutral sugars into their 
derivatives. In separating the ISA and cellulose products by GC-MS, the identified peaks are 
high and low peaks. Although some peaks are not well differentiated and have a low intensity 
as it is shown in the MS Spectra, they are meaningful and characterise the molecular-ion 
formations. In this GC-MS results, all low and high intensity peaks of the rnlz are given in 
counts and % base. The GC-MS spectra of ISA can be interpreted as follows: 
The rnlz values of the cellulose degradation products mainly the ISA are: 
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348; 318; 303; 292; 273; 245; 217; 190; 175; 171; 147; 131; 129; 117; 103; 93; 89; 73; 66; 
59; 52. 
1) rn!z 59 indicates methyl ester (COOCH3l fragment 
2) rn!z 73 indicates trimethyl silane (CH3)n-Si +fragment 
3) rn!z 93 comes from CJ-170+ fragment 
4) rn!z 129 comes from aliphatic-carboxyl (CH3-(CH2)n-CH3-COOW) fragment. 
The most significant peak in the mass spectrum is at m/z 73. The peak at rn!z 103 is from the 
methyl groups (CH3) of the silicon atoms. At m/z 190 and 147, peaks can be observed, which 
are from the loss of carbonyl (C=O) and methyl aldehyde (CH3-COH) groups. 
The peak atrn!z 117 with counts of 1925 and% base 14.89 (Figure 106), comes from an 
alpha (a) cleavage of the two oxygen containing carbon atoms in 4-deoxy function (4-deoxy-
2,3-hexodiulose) for example glycolic acid molecule. The peak at rn!z 177 with counts 164 
and% base 1.27 arises due to penta methy1-disilyl glycolate ion { (CH3)2 -Si-O-Si-(CH3)3-
CH20+}. 
The successive loss of aldehyde group (CH20) from the above molecular ion may give rise to 
the peak 147, which contains the penta methyl disilante ion {(CH3)2 -Si-O+=Si-(CH3)3}. 
Although very small, the observed peak at rn!z 103 and 117 shows a carbon-carbon cleavage 
(Figure 108).The peak at m/z 217 is due to the loss of a CH3 (methyl group) from one of the 
TMS groups possibly from (CH3)3-Si+.The low intensity of the peak at rn!z 292 is a 3-deoxy 
function which comes from the 3-deoxy-D-hexonic acid unit. 
Generally, in GC-MS analysis, peaks arise from loss of various molecular ions e.g. methyl 
groups (CH3) and trimethyl silane, (TMS) alkyl compounds,( C-H) aldehyde, (CH3COH), 
carbonyl function(C=O), deoxy functions, cleavage of the C-C bonds also from C02TMS and 
CH20TMS fragments. 
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HPLC 
Mixtures of cellulose degradation products were separated by using high performance liquid 
chromatography (HPLC) separation results are shown in figures 11 and 12 and figures 19-24. 
The cellulose was mixed with ordinary portland cement (OPC) in various proportions. The 
aim was to investigate cellulose degradation products. For this experiment different ratios of 
(cellulose: cement: water) were used. Furthermore, HPLC was conducted under similar 
experimental conditions (mobile phase, pH, detection system, column)by taking a well 
quantified amount of known hydroxy carboxylic acids (formic, acetic, lactic, glycolic). The 
acid mixture was injected into the HPLC Column and separated (Figure 2l).Also Iactone-ISA 
synthesised according to the method of [8] was run separately (figures 13-15). The HPLC 
results have shown that, the quantity ofiSA in the degradation solution is higher than other 
hydroxy carboxylic acids. Therefore, ISA is the main cellulose degradation product in the 
reaction mixture. 
After the cellulose was degraded, different peaks were observed in the HPLC chromatogram. 
Tentative identities were assigned to five of these degradation products by comparison of their 
retention times, with those of known hydroxy carboxylic acids. These acids are, formic, lactic, 
acetic and glycolic (Figure 21 ). The a-ISA prepared from a-Lactose and Ca (OH)2 according 
to Whistler et al, showed a similar retention time( tables 19-21) to ISA obtained from the 
cellulose degradation(table 17 and tables 25-30). In figuresl3-15 the HPLC results of the 
Lactone-ISA indicate that after 8.23 and 8.80 minutes (retention time) small peaks have 
emerged. These peaks could be either from the 13-ISA or from some 3-deoxy acid species. 
However, 13-ISA whose occurrence in the preparation and also in the degradation solution is to 
be expected, is in such low concentration that it would be difficult to rationalise 
The HPLC chromatogram show some peaks whose retention time is higher than 11 minutes. 
These peaks may arise from the cellulose degradation products mentioned below. 
a) 2-C-( hydroxy methyl)-3-deoxy-tertonic acid 
b) 3, 4-dihydroxy-butanoic acid 
c) 3-deoxy-D-pentonic acid 
Lactone-ISA 
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The ISA was obtained as a calcium salt on cooling [Ca (ISA)2]. The salt was dissolved in 
water and the Ca2+ ions were separated by passing the solution through Dowex-50 W cation-
exchange resin. Ethyl acetate and petroleum ether were used to re-crystallise the lactone. 
The 2-C-(hydroxymethyl)-3-deoxy-D-erythro pentonic acid (ISA) is isolated as 1,4 lactone 
(a-ISA). This 2-C-( hydroxymethyl)-3-deoxy-D-pentonic acid contains the erythro and threo 
(a and p) isomers ofiSA. In the presence of calcium ions the two isomers are observed in 
approximately equal proportions with the erythro isomers slightly predominating. 
Previous works have confirmed that there is no significant difference between the erythro and 
threo isomers ofiSA [2][4][93]. Therefore, the factors influencing the relative proportions of 
these two isomers are of minor importance in the solubility, sorption, stability constant 
determination of the ISA. 
Potentiometry 
Basically, the glass electrode used in the potentiometric titration is calibrated in terms of 
hydrogen ion concentrations (Ir} or activity •w to give concentration constant by measuring 
the potential across the glass and the reference electrode. In this potentiometric titration, to 
investigate the pKa values ofiSA and to determine the stability constants ofM-ISA, a 
combined glass electrode (Ag/AgCIJKCl) was used. To calibrate the electrode e.g. HCl 
against KOH was titrated. The titration occurs, under similar conditions and in the same 
medium as it is required for the determination of the stability constant. Hydrogen ion 
concentrations (H+) was then calculated for each point of the titration curve assuming 
complete dissociation of both acid and base, and taking a reliable value for ionisation product 
of water (Kw). Another possibility to calibrate the electrode is with standard buffers for which 
the pH is accurately known. For this method, three weak acids which act as buffers in acidic 
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and basic region with pH= 4.01; pH=6.8; and pH=9.8 were employed. In some of these 
titration experiments, millivolt (m V) readings were taken directly from the pH meter, and 
converted into the appropriate hydrogen ion concentrations, by switching on the pH meter 
into m V. The linearity of the electrode to pH changes over a wide pH range was checked 
before each measurement. A Gran plots helped to identity the quantity of C02 in the 
experimental solution (figures 32-37). 
pKaofiSA 
As shown in table 11, the pKa ofiSA at pH <10 is in good agreement with the pKa of other 
hydroxy carboxylic acids, like acetic (CH3-COOH), glycolic (HO-CH2-COOH), lactic (CHJ-
CH-(OH)-COOH) and oxalic (COOH-COOH) whose pKa are presented in table 12. 
Except oxalic, these acids posses a single carboxylate functional group in their molecule. 
Therefore, their pKa values can be compared with those ofiSA. In this research work, the 
potentiometric titration of ISA has shown that the ISA possess two pKa values. To examine 
the accuracy of the experimental methods and conditions (pH, base, electrode system, pH 
Meter, temperature, background electrolyte,) Glycolic acid was taken as standard and titrated. 
The pKa value obtained was in a very good agreement with that of the literature value [109]. 
As shown in figures 26-28, ISA was titrated using potentiometric method to obtain its pKa 
value. The titration results were calculated using the computer program PKAS [11 0). 
Two pKa values were obtained (tables 14-15). These are pKa1 = 3.5 and pKa2 = 11.50. This 
work estimates that deprotonation has occurred at high pH and this proton comes from the 
adjacent hydroxyl groups (OH) of the ISA. Although a number of reports on ISA are known, 
there are no reports on its pKa value. In this research work reported pKa values of ISA at low 
pH (3-10) and high pH (11-13.5) are not confirmed by other workers. Since the experimental 
accuracies are well explained, and the conditions are well specified, the pKa values of ISA 
obtained by potentiometric titration of this work should be reliable. The potentiometric 
titration results calculated using PKAS computer program have shown that the ISA possesses 
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a second pKa value at high pH. Clearly, the only source of protons other than the acid 
carboxylate group of the ISA is from the hydroxyl groups. The following reaction shows the 
possible deprotonation reactions of ISA and the pKa values below were obtained from the 
potentiometric titration . 
I) H-ISA"'" W +!SA' 
2) a) HriSA,.o H ++ HISA" 
b) HISA- "'"H+ + ISA2" 
[H+] [HISA"] 
[HziSA] 
[H+] [ISA 2"] 
pKa2 =-----
[HISA] 
pKa1 = 3.55 
pKaz = 11.20 
The Metal-ISA Complex Reactions 
Metal-ISA potentiometric titration graphs (figures 38-46) show inflection points (steps) 
between pH 12- 13. These are due to the formation of the M-OH, ML(OH),and other M-ISA 
species and eventually due to the presence of free hydroxide ion (Olr) in the solution. The 
stability constant values ofiSA with divalent, trivalent and tetravalent metal ions at high pH 
(pH 12-13) are important in nuclear waste management. Previous predictions have shown 
that, at high pH significant ionisation of the alcohol moieties could be expected to occur [25]. 
Furthermore, by taking the co-ordination-ionisiation scheme for polyhydroxy carboxylic acids 
[118] [136] into consideration, it was also proposed that the complexation between ligands, 
and divalent [M 2+]; trivalent [M 3"'] and tetravalent [M 4+] metal ions at high pH (pH >12) 
could occur due to the release of protons from the hydroxyl (OH) groups of the ligands. 
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In this way, the metal-ion co-ordinates with two or more hydroxyl-groups of the polyhydroxy 
carboxylic acids [I] [136]. 
For example, for the formation oftetradentate Eu(III)-ISA or Eu(III)-Giu -complexes it was 
suggested that, the central Eu(III) cation is coordinated to 4 deprotonated hydroxy groups of 
the ISA .In this reaction the acidity of the complexing cation may be considered. However, 
some models imply that the protons released in the complexation reaction originate from the 
hydroxy groups and not from water molecules associated with the central trivalent cation 
[118]. 
Stability Constant Measurement 
Using the potentiometric titration method, the stability constants ofiSA and glycolic acid for 
selected metal ions i.e Eu, Ni, Ca, were investigated( figures 38-46). The experimental data 
obtained were used to calculate the metal-ligand stability constants and to determine 
speciation over a wide pH range. After adding the metal ion, the solution was mixed and 
KOH was added and stirred sufficiently. Metal-ligand complexes are formed when acidic 
protons (Hl are displaced from a ligand [L] by a metal ion (Mnl. The greater the tendency for 
a metal to combine with a given ligand, the greater the drop in pH. During the potentiometric 
titration a drop in pH was observed when metals (Ni2+, Eu3+,) were added to ligands 
(!SA, Glycolic). This shows that metal ions participate in a series of consecutive proton 
transfers. In the potentiometric titration ofiSA the pH reading took a minimum of 2-3 
minutes for each drop until the digital pH meter indicated constant pH value, and hence 
equilibrium was reached. Therefore, it is estimated that the delay comes either from the 
isomerisation reaction of the ISA or through the dehydration reaction of the applied metal e.g. 
Ni (N03)2.6H20 or Eu(N03)2.H20. The potentiometric M-ISA titrations were carried out at 
25°C and at ionic strength ofO.l(I=O.l). During the titration, between pH 3 and pH 9, the ISA 
may form one or two protonated species. Above pH 11.5 precipitation due to metal hydrolysis 
was insignificant. 
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The concentration of the metal was between 10'1-104 mol dm'3. During the titration of the 
metals Ni 2+, Co 2+, Eu 3+ between pH 12-13.5, hydrolysis ofthe metal ions was observed, 
especially when the concentration of the metal ion (M"l was higher than 10'1 mol dm'3, 
The following reaction shows possible species during the Europium and ISA interaction. 
i) Eu 3+ + ISA- -= Eu (ISA)2+ 
u a) Eu3+ + 2ISA- -= Eu (ISA)2 + 
b) Eu(ISAi+ + ISK-= Eu(ISA)2 + 
iii) a) Eu 3+ + 3ISK -= Eu (ISA)3 
b) Eu(ISA)2 + + ISK-= Eu (ISA)3 
iv) a) Eu 3+ + 4ISK -= Eu (ISA)4-
b) Eu(ISA)3 + ISA--= Eu (ISA)4-
Possible reaction with Ca2+ 
i) Ca2+ + ISK-= Ca (ISAt 
ii) a) Ca2+ + 2 ISK-= Ca(ISA)2 
b) Ca (ISA) + + ISK -=Ca(ISA)2 
iii) a) Ca2+ + 3 ISK-= Ca(ISA)3-
b) Ca (ISA)2 + ISK -= Ca(ISA)3-
iii) Ca(ISA)2 + ISA--= Ca(ISA)3-
iv)a) Ca2++ 4ISK-=Ca(ISA)4 2-
b )Ca(ISA)3- + ISA- -=Ca(ISA)l' 
the same reaction can be expected for Ne+ and Co2+. 
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Interpretation of the Titration Graphs 
The potentiometric titration graphs ofCa-ISA, Ni-ISA, Eu-ISA, Ni-Giycolate, Eu-Glycolate 
are presented in figures38-46, chapter four, result section. At the beginning of the 
potentiometric titration, most graphs show that the curve remains constant until pH 3 and then 
they rise up to pH 11-12, where they remain constant. This is the evidence that titration is 
completed and therefore pH change does not occur. The metal hydrolysis Mx(OH)n products 
react as a buffer and holds back the titration from rising until excess Oir is added. When 
excess Oir are added to the titration solution, then M(OH)J- or M(OH)4- are formed, hence 
no precipitation occurs the titration curve rises again until the titration is completed. Also 
carbonate presence in the titration solution may produce inflections in the potentiometric 
titration curve. 
Assuming the inflection in the potentiometric titration curve occurs due to the presence of 
carbonate and bicarbonate ions in the solution, the following reaction can be presented. 
Generally, the complexation of metal hydroxide and metal carbonate is [118]: 
1) Mz+ + n CO/- ""'M(C03)'-2" 
n 
= 
2) Mz+ + pCOF + qOH-""' M(COJ)p(OH)z-lp-q 
q 
[M(C03)p(OHt2p-q] 
q 
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3) Mz+ + mOir -=M(OH) z-m 
m 
J3 OH = ------
m 
Before each titration, the C03 z- concentration was determined by using Gran plots [ 14 7] as 
described in the experimental section. In the potentiometric titration of ISA and other Iigands, 
the carbonate content in base (KOH) was between 0.3-1.5 %throughout the experiments. 
The presence of the carbonate ion in the reaction mixture in fact has little effect on calculating 
the stability constants using the computer programme BEST, because the expected carbonate 
amount is given as a numeric value into the program and it is taken into consideration by 
evaluating the experimental titration results. Since ISA is monodentate, its reaction with 
metals pH < 10 can be explained as follows: 
R-COOH-> R-coo- + H+ (deprotonation of monovalent carboxylate) 
R-coo-+ M"+-= R-COOM n-1 (complexation I coordination of metal) 
[R-COOM"-1] 
K= 
[RCOO"] [M"+] 
Reaction of nickel with monovalent and divalent ligands: 
COOH 
I 
R 
I 
COOH 
coo-
l 
R +Ni Z+ 
I 
coo-
coo-
l 
R + 2W 
I 
coo-
coo-
l \ 
""' R Ni I I 
coo-
(nickel with divalent ligand) 
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[RCOO-Nt] 
K=-----
[R-COO-]*[Ne+] 
[Rcoo-] =free carboxyl groups 
[Ni2+] = free Ne+ in solution 
The complexation and the hydrolysis of Ni2+ can be shown as follows: 
[NiL] (complexation) 
KNiL- ----=-----=-=---
[Ne+]*[Lr] 
Ne++ nO .Er""' Ni(OHt" where n= 1,2,3,4, (hydrolysis reaction) 
n 
[Ni(OHf" 
n 
4 
[Ni]tot-[Ni2+ +NiL+ L Ni(OHt"J 
n=l n 
During the titration, a co-ordinated water molecule of the metal Ni(N03)2.6H20 may 
dissociate and react with OH to give Ni ISA(OH) according to the following reaction: 
Generally the metal-ligand equilibria in aqueous solution can be represented as follows: 
M+L,...ML 
M+ 2L""' ML2 ........... or ............... ML +L ""'ML2 
M + 3L""' ML3 ............ ".............. ML2 + L ""' ML3 
M+ 4L ""'ML4... ........ " .............. ML3 + L""' ML4 
194 
The reaction of the trivalent metal ions like Eu3+ with ligands, for example,( Gluconic, 
Glycolic, ISA) in aqueous solution displaces the carboxylate protons hence coordination of 
Eu-L occurs. 
Aliphatic hydroxy protons (CH.-OH) can also be responsible for the metal-ligand complex 
reaction. The ISA is a symmetrical molecule and exist as D and L isomers ( erythro & threo ) 
respectively, differences in the 1,4 and 1,5 proton of the isomers are not significant in the 
detennination of M-ISA stability constant [93]. 
The Metal Hydrolysis Effect 
To show the hydrolysis and the complexation reactions, with carbonate, the following 
reaction mechanisms have been included. Most cation hydrolyse in aqueous solution, because 
they fonn strong bonds with oxygen atoms. As a result of the self ionisation of water, 
hydroxide ions are always present at concentrations which can vary over the unusually wide 
range of 10-10-14 M .With some metals the bonds with oxygen are strong that the species 
M( OH)" do not dissociate further even in concentrated strong acids. 
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Such species are some times written as MO"+, particularly when their exact composition is not 
known [99). In calculations, the species MO"+ is treated as if it were a metal ion of valency n. 
When other Iigands are present in the solution, there will be competition between the ligands, 
Land the products of hydrolysis. Therefore, a general fonnula for the final products is 
The Hydroxide Precipitation 
For metal ion M"+ a precipitate of general composition M(OH)n is fonned when its limiting 
concentration is exceeded[107]. This concentration maybe expressed as: [M(OH)n]max=Ksn 
and this equation can be combined with the overall stability constant equation shown below. 
[M(OH)i] [H]i 
~~~---------------
[M] 
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[M"+]max 
= Ksn!p = Kso (Kso= solubility products) 
[H]n 
Hydrolysis and Carbonate reactions of Eu3+ 
Eu(III) hydroxy and Eu(III) carbonate complexes 
Europium: 
EuJ+ + H20,.,.Eu(OHi++ H+ ...... (!) 
H++ OH-,.,.H20 ........................... (2) 
Eu3+ + Oir ,.,. Eu(OHi+ 
EuJ+ + 2H20,.,.Eu (OH)/+ 2W ...... (l) 
2W + 20Ir ""'2H20 ...................... (2) 
EuJ+ + 2 Oir ,.,. Eu (OH)/ 
Eu J+ + JH20""'Eu(OH)J 0 + 3H+ ..... (l) 
3W + 30Ir ,.:JH20 ........................ (2) 
Eu3+ + 30Ir ""' Eu(OH)3 ° 
Eu3+ + 4H20,.:Eu(OH)4. + 4H+ ...... (!) 
4W + 40Ir ""' 4H20 ........................ (2) 
Nickel 
Ni2+ hydrolysis at 25°C 
Ni2+ H20""' Ni(OHt + H+ .. (I) 
W + Oir ""'H20 ..................... (2) 
Ni 2+ + Oir ,.,. Ni(OHt 
Ni2+ + 2H20 "" Ni(OH)2 + 2H+ (1) 
2W + 20H- "" 2H20·-------------------(2) 
Ne++ 20Ir "" Ni(OH)2 
Ne++ 3H20 ""Ni(OH)3- + 3H+ 
3H+ + 30Ir "" 3H20 
Ni2+ + 30Ir "" Ni(OH)3 -
Ni 2+ + 4H20 ""Ni(OH)4 2- + 4H+ ------(1) 
4W + 4 Oir "" 4H20·--------------------------(2) 
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Also the hydrolysis products ofnickel(Ni2+) such as Ni2(0H)3+; Ni(OH)4 4+; Ni(OH)2 can be 
mentioned here. The only mononuclear hydrolysis product ofNi2+ whose stability known well 
is, Ni(OHt- The less certain values for Ni(OHh(aq) and Ni(OH)J- from solubility 
measurements have been used to estimate the stability ofNi(OH)/" [99][115]. 
Ion - Exchange Results 
Interpretation of the Ion-Exchange Method (Schubert Approach) 
After measuring the total activity in vial 10, as mentioned in experimental section (3.4.2.2) 
and the activity of the supematant of the sample solutions, the distribution coefficients K.J.0 
and K.I were calculated and a graph of 
Log [K.i!Kt 0 -1] vs Log [L] was constructed. The Y intercept of this graph gave the stability 
constant as mentioned in the experimental section of this thesis and presented in figure Ill. 
In this PhD work, spectrophotometry and potentiometry techniques were applied to compare 
the stability constants obtained by the ion-exchange technique. The graph of ~<.I average 
versus Log [L] ofEu-ISA, Eu-Glu, Eu-Gly, and Ni-ISA, Sm-Gly, Sm-Glu, Sm-ISA, Ni-Gly 
are presented in figures 47-63, chapter four, result section, entitled Ion-Exchange Results. 
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.K! values from 5-6 different set of experiments gave different values. After drawing the graph 
.K! vs Log [L] the average value (Log .K! av) was obtained by extrapolating the flat position of 
the curve backwards until it cuts they-axis ( y intercept). This average distribution constant 
from the diagram [Kdav(graph)] was compared with the calculated average distribution constant 
value [vial 9=>Kdav (cat)]. Results showed that both calculated and graphically obtained K.Jav 
values were the same. Metal ligand stability constants results using anion exchange method 
according to Schubert are presented in table 59. 
Distribution-Coefficients (Kn) & Stability Constant Applying Ion-Exchange Resin 
In this PhD project the distribution of 141 Ce between the cation-exchanger Chelex- I 00 
(iminodiacetate-chelating resin) and aqueous solution ofiSA at pH 7 and pH 13 was 
studied( table 59). 
The concentration of the ligand was in the range between 10·8-l0-1 mol dm-3, while the cerium 
concentration was kept constant. Also the distribution coefficient, Kd of trace samarium, 
europium, and nickel on an Amberlite IR® -120 Resin (H+-form) under similar experimental 
conditions (pH, ligand concentration) were obtained. The metal- ligand-resin mixture was left 
for 30 minutes to equilibrate. 
The resin was then filtered using millipore filter and the activity in the solution was measured. 
For some samples, lower activity in the solution and higher activity in the resin was found. 
pKa and Log ~ Calculation 
To determine the protonation constant of the acid (pKa) and the stability constant of metal-
ligand complexes (Log~). PKAS and BEST, Fortran computer programs were used[! 08]. 
The program PKAS is used for the calculation of protonation constant from potentiometric 
data. It has one input file called FOR004.DAT for the titration data and one input file called 
FOR003.DAT for titration parameter. The output file FOROOI.DAT is to present the results. 
To calculate the pKa, the program requires the Ligand (L) and the hydrogen ion (H) 
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concentration. In the program simultaneous equations are used to calculate the individual 
component concentrations[ I 08] [ 11 0]. 
In potentiometric titration, the variable measured is -log[H+] and the calculated hydrogen ion 
concentration is p[H].The algorithm in PKAS calculates p[H] directly and minimises the some 
of squares of -log[H+] residuals. 
After taking the titration data from a file FOR004.DAT and the original titration parameters 
interactively from the file FOR003.DAT, PKAS immediately refines the protonation 
constants and gives the output to disk on FOROOI.DAT 
The program BEST is applied for the stability constant calculations [108].It uses one input file 
and one output file and 3 logging (scratch) files. In scratch files current log 13 values are 
stored. In the file FOR 002.DAT millimole values are stored. Some known 13 values and 
unknown (guess) values are included in the input file. The program minimises the standard 
deviation of fit (crflt) between observed and calculated pH values of then entire titration curve. 
The minimisation is possible through the variation of any of the input parameters which 
define the mathematical shape of the titration curve. 
To calculate the stability constant using the program BEST three mass constraints are 
considered. These are the total ligand (T L), the total metal ion(T M) and the total hydrogen ion 
(T H) concentrations. The first pass of the calculation procedure uses estimated values of the 
unknown constants. Thus the use of the algorithm for computing equilibrium constants in 
BEST involves the following sequence. 
First, it starts with a set of known and established overall stability constants (Ws) and 
compute hydrogen ion concentration [H+] at all equilibrium points. 
Second, it adjusts the unknown stability (guess) values and repeat the calculation at all 
measured equilibrium points until no further minimisation of the sigma fit (cr fit) is possible. 
The final minimised sigma fit ( cr final) then provides the final calculated 13 values. 
CHAPTER SIX 
Future Work 
and 
Further Research 
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Future Work and Further Research 
1) Cellulose Degradation Products 
To improve the radioactive waste disposal programme further research work is required. 
The following are future research proposals and programmes with respect to isosaccharinic 
acid and some other cellulose degradation products. In this research the investigation of the 
complexation, solubility and sorption reactions of the cellulose degradation products, mainly 
the ISA with Ce Eu, Sm, Co, Ni was a primary concern. 
2) Kinetic Studies of the ISA 
Although previous investigations have shown that [2] [20], the erythro and threo isomers 
were produced in the ratio 45:55 under similar condition, investigation of these isomers is 
necessary. Their effects in increasing the radionuclide solubility should be investigated 
separately. This will help to know more about the stability constants, ionisation and 
complexation behaviour of the ISA. 
ISA is believed to be a lactone in low pH region (furan ring molecule), and an acid in high pH 
region. An empirical equation to describe the kinetics of the 1,4-lactone ofiSA hydrolysis in 
different pH ranges should be investigated. This enables a better understanding of how far the 
OH ion strongly catalyses the opening of the lactone ring. For this purpose,the rate of 
hydrolysis of the iso-saccahrinic acid and its activation energy(kJ/Mol) should be examined. 
For example: the hydrolysis ofiSA as lactone pH 3-4 and as an acid pH 8-12 and also in 
neutral region should be studied. 
3) Development of separation techniques of the ISA isomers 
A capillary electrophoreses method has been developed for the separation of acidic 
monosaccharides and their corresponding 1 ,4-lactones in a single run without derivatisation 
[78]. Separation of the two isosaccharino-1,4-lactone isomers was also possible. However, 
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more separation techniques should be developed. This can be a useful tool in the selectivity of 
the separation of known carbohydrate-type mixtures. 
4) Co-ordination chemistry 
More investigations on co-ordination chemistry of polyhydroxy acids, especially the role of 
the hydroxy groups at various pH range are required. This helps to know more about the 
protonation , deprotonation, metal-ligand interaction, of these acids, which are useful for 
stability constant studies of safety relevant radionuclides 
5) Study of the Crystal Structure of 3-deoxy-2-C-hydroymethyl-D-erythro-Pentonate 
(iso-saccharinate) with divalent and tetravalent Metal ion. 
In order to elucidate the molecular structure of the isosaccharinic acid, with metals 
stereochemistry studies are essential. Structural evidence of the Metal-ISA complex in the 
solution has not been well studied. Therefore, through crystal structure analysis, it is possible 
to elucidate the co-ordination. Determination of a crystal structure of a M -ISA, for example 
Eu-ISA, will obtain more information for use in calculating stability constants. For the 
analysis of the M-ISA crystals, X-ray diffraction method and NMR technique could be 
applied. 
6) Stoichiometry determination 
During the alkaline degradation of cellulose, ISA is the most important product formed both 
in the quantity and in the complexing ability. However, some previous studies have limited 
the stoichiometric description of the complex reactions between radionuclides and ISA, to a 
simple metal-ligand interaction. For example, the stability constants calculated from 
measurements obtained using the Schubert method have usually assumed that the complex 
contains one metal ion and is a form ofML. However, side reactions such as the hydrolysis of 
the metal ion, protonation, deprotonation of the ligands, are important. Therefore, to 
elucidate different stoichiometries of the complex formed such as MnLz or MnLz(OH), various 
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analytical techniques have to be used, before determining the stability constant of the complex 
measured. 
7) There are indications that alkaline earth metals such sf2+, Ba2+, and some other metals can 
limit the extent of cellulose degradation, there is speculation that these species accelerate the 
stopping reaction. This needs more research work. 
8) Iron (Fe), Cobalt (Co), Copper (Cu) and Manganese(Mn) salts have significant effects on 
the rate of degradation of cellulose, by increasing the reaction of gaseous oxygen and 
subsequent formation of carbonyl groups along the cellulose chain. This degradation 
mechanism of cellulose needs investigations [93]. 
9) Due to the mixed nature of many wastes and the compositions of the cement matrices and 
backfills the oxidative alkaline degradation in the presence of divalent, trivalent and 
tetravalent metals cations (M2+. M3+· M'+) has to be studied. 
10) Anion Exchange Resins 
Anion exchange resins are used to study radionuclide speciations. In Schubert method for 
example, anion exchange resins are used to study metal-ligand interactions, as a result their 
stability constants. Therefore, the radiolytic, the chemical, and the thermal effects on organic 
ion exchange resins under high alkaline conditions has to be studied carefully. 
11) Groundwater Chemistry 
Solubility studies should include measurements of solubility at high pH since this 
approximates to the major water chemistry associated with a cement leachate. Investigation of 
water soluble species in the groundwater and their influence in a long term evolution of 
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cementitious material is essential. Also to investigate the effects of a long term repository 
processes in the near field and the radionuclide migration, analysis of the groundwater 
chemistry is inevitable. 
12) Instrumentation 
The development and application of radioanalytical instruments (tracers, detectors, 
electrodes) helps to expand field work and Lab. research works. Therefore, suitable analytical 
techniques should be developed and applied to study the rate of production, stability, 
migration, sorption, degradation mechanism of cellulose products. 
13) Presumably solubility enhancement and sorption depends on the number of functional 
groups (carbonyl, hydroxyl, carboxyl, arnines, etc) of the organic acid in the waste 
repositories. However, very little is known for how long these groups affect the sorption and 
solubility of radionuclides in the waste. Therefore, kinetic studies with respect to the 
functional groups of the cellulose and cellulosic waste degradation products of the repository 
is essential. 
14) The repository studies should include the effects of radiolytic attack, microbial attack, 
thermal degradation of the cellulose in the near and far-field areas. 
15) Modelling 
The prediction and modelling of radionuclides transport in the Geosphere for example is 
necessary to investigate the effects of organics on the speciation and mobility of radionuclides 
in ground water. Furthermore, it is of a considerable importance due to the following reason: 
i) to make safety and risk assessment research possible by examining the post-closure 
performance of radioactive waste repositories. 
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ii) to know more about the nuclear waste disposal in geological formations. 
iii) to study the interaction of metals /radionuclides -organic complex with geological 
material in the near field (example: volcanic rocks, sand stones) 
16) Waste Management 
Repository investigation work should include the improvement of the cementitious material 
by developing, and applying some additives, so that the cementitious backfill at high pH and 
temperature in the repository remains unaffected. The additives may help to increase the 
sorption and decrease the solubility of the radionuclides in the repository. 
In radioactive waste management, significant benefits can be obtained by looking beyond the 
field of radioactive waste management like for instance, mining and management of non-
radioactive hazardous wastes, this means the scientific knowledge in other fields of science 
and engineering for basic understanding, planning and peer review is highly necessary. 
This knowledge may take the form of: 
a) theoretical understanding : e.g. knowledge of diffusion processes from chemical 
engineering 
b) experimental techniques : e.g. methods of measuring in situ stresses from the mining 
industry 
c) field experience: evidence related to specific process (e.g. transport of contaminants from 
hazardous-waste facilities), 
d) techniques to integrate data from diverse sources( e.g. integration of geophysical, 
geological, laboratory and well-test data in petroleum industry reservoir models). 
This "beyond the scope work" gives excellent broader based and more meaningful waste 
disposal assessment. 
CHAPTER SEVEN 
Chemicals and Reagents 
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CHEMICALS AND REAGENTS 
Nr Name & Chemical Formula Supplier 
1.0 Buffers (Standard Buffer) 
pH= 4.006 (25°C) WTW Weilheim 
pH=6.865 
lpH=9.18 
2.0 Cation -Exchange Resin Dowex 
AG 50W-X8 Analytical Grade BioRad 
3.0 Cellulose[(C6HJ006)] 
Fibrous Medium (9004-34-6) Sigma 
EEC NO 232-674-9 
4.0 Sodium Hydroxide Pellets 
NaOH Riedel-de-Haen 
Mw=40g/Mol 
5.0 Potassium Hydroxide Pellets GR 
KOH Merck 
Mw = 56.11 g{Mol 
6.0 Potassium Chloride Proanalysi 
KC! Merck 
Mw= 74.56 g/Mol 
7.0 Potassium Hydrogen Phthalate 
C6HsK04 Merck 
Mw = 204.23 g/Mol 
8.0 Ethyl Acetate 
C4Hs02 Merck 
Mw = 88.10 g/Mol 
9.0 Ethanol Absolute 
C2HsOH Riedel-de-Haen 
Mw=46 g) Mol 
10.0 D( +)-Gluconic Acid 13-lactone 
D-Glucono-1,5-Lactone (Assay -99%(T) Fluka 
C6H1006 Mw = 178.14 g!Mol 
11 Oxalic Acid Dihydrate 
C2H204.2H20 Merck 
Mw= 126.07 g!M_ol. 
12 Calcium Chloride-2- Hydrate 
CaCh.2H20 Merck 
Mw= 147.02 g/Mo1 
13 Cobalt(II) Nitrate Hexahydrate 
Co(N03)2.6H20 Merck 
Mw= 291.04 g!Mo1 
14 Nickel(II) Nitrate Hexahydrate 
Ni(N03)2.6H20 Merck 
Mw= 290.81 g!Mol 
15 Europium Chloride Monohydrate Fluka 
EuCb.H20 (H20 =30%) Mw = 258.32 g/Mol 
Mw = 258.32 g/Mol 
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16 Dimethyl Ketone (Acetone) 
CH3-CO-CH3 Merck 
Mw= 58g/Mol 
17 Petroleum Ether 
C6H6 Merck 
Mw=78 g/Mol 
18 Glycolic Acid 
c2~o3 Fluka 
Mw=76g/Mol 
19 Dimethyl Sulfoxide (Deutrated) 
CD3-SO-CD3 Merck 
Mw=84.17 g/Mol 
20 Chelex Cation Exchanger Resin 
Chelex®-1 00 BioRad 
21 a-Lactose Monohydrate 
C12H220u.H20 Merck 
Mw= 360.32 g/Mol 
22 Tetramethyl Silane (TMS) 
(CH3)z-Si-(CH3)z Merck 
Mw = 88.23 g/Mol 
23 Tetramethyldisilazane 
(CH3)2.SiH-NH-SiH-(CH3)2 Merck 
Mw= 133.34 g!Mol 
24 Sodium Hydrogen Phosphate 
NaH2P04 VWR International 
Mw = I 00 g/Mol 
25 Disodium Hydrogen Phosphate 
Na2HP04 VWR International 
Mw=142g/Mol 
26 Sodium Phosphate 
Na3P04 VWR International 
Mw = 164 g /Mol 
27 Trimethylsilylchloride 
(CH3)3-Si-Cl Merck 
Mw =108.5 g/Mol 
28 Pyridine Merck 
CsHsN 
Mw=79g/Mol 
29 Hydrochloric Acid 
HCI Merck 
Mw = 36.5 Mol/1 
30 Cerium Sulphate 
Ce2(S04)3 Merck 
Mw = 468 g/Mol 
31 Silver Nitrate 
AgN03 Sigma Aldrich. Co 
Mw = 169 g/Mol 
32 Sodium Gluconate Fluka 
C6H11Na07 Mw= 218.14 g/Mol 
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Nr Radionuclide Obtained from 
1 63 Ni Loughborough University 
(Radiochemistry Lab) 
(Amersham Bioscience) 
2 J41Ce Loughborough University 
(Radiochemistry Lab) 
3 !52 Eu Mainz University 
(Dep.ofNuclear Chemistry) 
4 153 Sm Mainz University 
(Dep.ofNuclear Chemistry) 
5 !60Th HMI, Berlin 
(BER II Reactor) 
CHAPTER EIGHT 
Apparatus and Instruments 
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Figure 112 Apparatu for l A synthe is from a-lacto e and Ca(OB)2 
Figure 113 Rotary Evaporator to separate H20 from Ca-1 A 2 
N2 Inert Gas 
Glass Electrode 
KCII H20 flask! 
Water Out 
Thennostate at 298K 
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DigitaJ pH Meter 
Ref.Electrode 
Washing Flask H20 
KOHSol. 
Metai(Eu3+) . 
Ligand(ISA) + Mixture 
Electrolyte (KCI) 
Figure 114 Potentiometric Titration Apparatus 
Water in 
Outlet 
Glass Electrode 
Solution inlet from Piston 
Burette 
Figure 115 Potentiometric Titration Cell 
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Figure 116 Electromigration Apparatus 
DC PoWer supply 
Cathode Anode 
~-----------·~-~------------, 
Cathode compartment 
Pe;i.staltic · Acid-Base 
neutralization 
Anode compartment 
Peristaltic 
PWI!Jr · 
KreNOk .!::==~~~~~5===~~==~====~ 
Figure 117 Electromigration Apparatus (simplified) 
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Description of the Electromigration Apparatus 
Electromigration device is composed of: 
a) Migration Cell 
b) Block Diagram of the Device 
1) The Migration Tube 
2) Electrolyte Vessels 
3) Hydrodynamic Resistor 
4) Pt-electrode 
5) Glass Cylinder 
6) Scanning Unit 
7) Preamplifier 
8) Electronics Block 
9) 18523 Counter 
10 ) ISEL Control Module 
11) High Voltage Source for the Electronics 
12) Peristaltic Pump 
13) Thermostat Block 
14) Thermical-Sensor 
15) Step Motor 
16) Personal Computer 
17) High Voltage Source for the Electric Field 
01: Out let for the injection of the solution containing the Radionuclide 
02: Out let used to insert the voltage measuring electrodes 
03: Out let used to insert the thermical- sensor 
04: Out let used to fill the electrolyte in the migration tube 
05 and 06: Out let used to refresh the electrolyte in the vessels 
07: Out lets for the junction of the vessels 
CHAPTER NINE 
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clectromigration I Stability constants I Glycolate I 
).gluconate I ct·lsosaccharinate I Ion mobility 
:ummary. An electromigration technique was used for meas-
rements of metal-ligand formation constants of non-carrier-
ree 160Tb3+ with glycolate, D-gluconate and a-isosaccharinate 
gands. The overall ion mobilities of Tb at different con-
entrations of the ligands were measured in chemically inert 
erchlorate solutions (pH 7 and T = 298.1 K) with an over-
11 ionic strength /.L = 0.1. The stepwise stoichiometric stabil-
y constants are: Tb3+ /glycolate: log K1 = 2.72(18), log K 2 = 
.73(19), logK3 = 1.12(17), Tb3+jD-gluconate: logK, = 
.96(11), log K2 = 2.60(11), log K3 = 1.13(9), Tb'+ ja-ISA: 
>g K, = 3.07(8), log K, = 2.69(11), log K, = 1.80(12). 
ntroduction 
)ne possibility of disposal of low- and intermediate-level 
1dioactive waste is deposition in a deep underground re-
ository. When full, the repository may be backfilled with 
ement (NIREX Reference Vault Backfill, NRVB) [I]. After 
losure, the repository will become saturated with ground-
later, and highly alkaline porewater (pH about 13) will be 
roduced because of dissolution of the cement. The pore-
later is also expected to be anaerobic because of steel can-
:ter corrosion. Wastes will contain cellulose from paper, 
loth and wood and this will degrade under the high pH 
onditions of the repository. Under alkaline, anaerobic con-
itions at temperatures below 170 oc (i.e. the likely condi-
ons in the near-field), the main degradation mechanism en-
tils a beta-alkoxycarbonyl elimination, which ruptures the 
,4-glycosidic linkage and takes place at the reducing group 
t the end of the chain (peeling reaction). The erythro and 
treo isomers of 2-C-(hydroxymethyl)-3-deoxy-D-pentonic 
oid (isosaccharinic acid, !SA) are important degradation 
roducts [2-5]. Under alkaline conditions, deprotonation of 
te hydroxyl groups is expected [5-10], resulting in chela-
on and larger formation constants. Therefore, measure-
lents of those formation constants are of interest when con-
dering the performance assessment of a repository. 
The measurements reported here were performed at 
H = 7 .00(5), where relatively weak salt formation is ex-
*Author for correspondence (E-mai]: frank.roesch@uni-mainz.de). 
peeled. However, measurements at pH 7 are important be-
cause of a lowering of pH occurring by dilution of the near· 
field porewaters by far-field groundwaters. Furthermore, 
under highly alkaline condition, hydrolysis of radiometals 
and complex formation overlap. For understanding the corn· 
plex formation processes under highly alkaline condition, 
comparative data on the processes of complexation in neu· 
tral system are essential. Thus, the present work might serve 
as a quantitative input for studies to be conducted subse-
quently at pH;; 12. 
In addition to a-ISA, D-gluconate and glucolate were in-
vestigated. Gluconic acid as well as a-ISA belongs to the 
polyhydroxy ligands [8] and is the close structure analogue 
of a-ISA. Its complexation reactions are of interest to un-
derstand ligand structure-complex formation relationships. 
Glycolic acid having only one hydroxyl group has been in-
vestigated in order to determine the effect of chain length on 
the formation constants. 
In this study, ""'Th was used as a model radioisotope, 
with Tb(III) representing the trivalent elements of the 4 f 
and 5 f groups. The isotope 160Tb emits photon radiation 
useful for the on-line migration detection and can be pro-
duced in high specific activity. The electromigration tech-
nique, in contrast to several other analytical techniques, is 
capable of measuring complex formation processes of ra-
diometals at ultra-low, even no-carrier-added concentration 
and is therefore of considerable significance, considering 
the low concentration of radioactive metals present in those 
systems. 
Experiments and methods 
160Tb (T112 = 72.3 d) was produced by neutron irradi-
ation of 5 mg of terbium oxide at the BERII reactor 
(HMI, Berlin). The specific activity of 160Tb20 3 was about 
470 MBq mg-' at the end of the irradiation. A stock solu-
tion of Tb was prepared by dissolving the oxide in 0.1 M 
HN03 . Experimental solutions for electromigration meas-
urements were prepared by (i) evaporating 200 JLL of the 
'
60Th stock solution of 30 MBqjmL specific activity in 
0.1 M HN03 to dryness and (ii) dissolving the residue 
in 100 JLL NaCI04 , pH"" 4. About 1-2 JLL of the 160Tb 
solution, i.e. approximately 10-s mol of Tb'+, were in-
600 
jected into the electromigration tube, which contains the 
electrolyte. 
Aqueous solutions of the type NaLjNaCI04 or HL/ 
NaCI04 were used in the investigations. NaL represents the 
sodium salt of a-ISA (Na-ISA) whereas HL represents the 
glycolic and D-gluconic acids, respectively. The concentra-
tion range was I0-8- IO-' M for the glycolic and D-gluconic 
acids, and 10-7- 10-' M for Na-ISA. Appropriate amounts 
of NaOH were added to the solutions to adjust their pH to 
7.00(5), while maintaining a constant overall ionic strength 
of fJ, = 0. I. At pH "' 7 the carboxylic functional groups of 
the glycolic and D-gluconic acids are deprotonated (pK, 
constants are 4.76 and 3.7, respectively) and the concentra-
tion of the ligands is equal to the concentration of the acids. 
The D-gluconic and the glycolic acids were analyt-
ical grade chemicals purchased from Fluka. Ca(a-ISA)2 
was synthesized according to the procedure reported by 
Whistler et al. [I 1]. The sodium salt of a-ISA was pre-
pared by passing Ca(a-ISA), through a cation exchange 
column (Chelex-100 resin, BioRad) in the Na+-form [12]. 
The absence of Ca2+ has been assessed applying Atomic Ab-
sorption Spectroscopy. The amount of Ca2+ -ions was found 
to be 56( 17) JJ,g in I g ofNa(a-ISA). 
The inert background electrolytes NaOH/NaCI04 were 
prepared using p.a. chemicals. To prepare the solutions ana-
lytical grade water was used. The pH of the electrolytes was 
measured by means of pre-calibrated glass electrode using 
standard buffer solutions. 
The overall ion mobilities were measured by means 
of free-electrolyte continuous electromigration technique at 
T = 298.1(1) K and setting an electric field intensity of 
10 V ;cm. The apparatus and the analytical procedure used 
in this work for the on-line determination of absolute mi-
gration velocities of radio-ions are described in detail else-
where [13, 14]. To avoid electro-osmosis and wall sorption, 
the inner surface of the migration glass tube was coated 
with monomolecular layer of non-cross-linked polyacril-
amide according to the method reported by Hjerten [15]. 
Each value of the overall ion mobility reported is an aver-
age of two to four independent measurements with a preci-
sion ranging between 0.5 and 2%. The standard deviation on 
the average value of the absolute ion mobility ranges from 2 
to 3%. 
Results and discussion 
General treatment 
The quantitative treatment of the experimental data of the 
overall ion mobility is based on mechanism (1), which is 
generally accepted for the interpretation of metal-ligand 
(M"+ -L -)interactions: 
ML (n-m+l) + L- Km ML (11-111) 
m-1 +---+ m ' (I) 
where Km (m 0': I) are the stepwise stoichiometric complex 
formation constants. 
The overall stoichiometric complex formation constant is 
(2) 
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The hydrolysis of M"+ can be expressed as: 
oyd 
M(OH)a-I I•-•+ I I++ H,O ~ M(OH). I•-•I+ + H+, 1 
where K;1' (a 0': I) are the stepwise stoichiometric constm 
for a hydrolysis product. 
The overall ion mobility of the metal in the pn 
ence of a complex forming agent L- can be calculated 
the sum of the absolute individual ion mobilities of t 
species MLm <n-m>+ weighted with their relative concent1 
tion [16-18] as 
" 
0 
[MLm (•-m)] 
U = L UMLm(n-m) [M] ' 
total 
Substituting the stepwise complex formation constants 1 
and K;'' in the above equation, the overall ion mobility 
the radiometal may be expressed as a function of the liga 
concentration as follows: 
The absolute individual ion mobility of the speci 
ML111 <n-m> and M(OH)a (ll-a) can be derived from the carrel 
tion observed between the ionic charge and the individu 
ion mobility of the species independent of the type of li 
and [17, 18]: 
U~n+ +n 
U~Lm(n-m)+ +(n-m) 
The u~.+ -value can be obtained from the experimental da 
in the absence of ligands, i.e. when M"+ and M(OH).1". 
are the only species present in the electrolyte according 
Eqs. (5), (6), and the stepwise formation constants for h 
drolysis products are known. 
The values of Km could be obtained after considering tl 
influence of Tb(III) hydrolysis on the absolute ion mobili 
by fitting the experimental data u = f([L -])with Eq. (5). 
Complex formation of 160 Tb3+ 
The experimental results on the overall ion mobility ol 
tained for 160Tb3+ species in NaC104 background ele< 
trolytes with various concentrations of glycolate, D-gluco 
nate and a-isosaccharinate are shown in Figs. 1, 2 and 
respectively. The described treatment of the overall ion mo 
bility was applied to Tb'+ with m = 1, 2, 3 and limitir 
the hydrolysis to its first step (a= 1), which is reasonab 
at pH= 7.00(5). At infinite dilution (fJ, = 0), log K:'' 
-7.90 and for perchlorate medium (fl, =0.1), logK:'' 
-8.27 [19]. 
The absolute individual ion mobilities of the Tb'+ speci< 
obtained for each complexation are listed in Table 1. Tl 
stepwise formation constants Km obtained from the fit < 
the experimental data with Eq. (5) (solid lines in Figs. 
2 and 3) are given in Table 2. Mathematical fitting is se1 
sitive as evidenced by the given statistical errors. Relati\ 
differences between the ligands are thus reliable, althoug 
the stepwise stability constants do not differ significantly i 
their absolute values. 
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Speciation was calculated according to the mole fractions 
>f the species and the stepwise formation equilibria. The 
vindows in the Figs. I, 2 and 3 show the relative distribution 
>f the species. 
The values for complexation of terbium with glyco-
ate and D-gluconate are close to literature values [20]. 
'able 2. Stepwise complex formation con-
tants (log Km) for the complexation of ter-
ium with glycolate, D-gluconate and a-iso-
lccharinate ligands. log,B3 is the overall 
omplex formation constant. Background elec-
olyte: Na(OH)CIO,, I'= 0.1, pH= 7.00(5), 
'=298.1(l)K. 
Ligand 
Glycolate 
D-gluconate 
a-Isosaccharinate 
a: J.L=O.l; 
b: I'= 0.2. 
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Table 1. Absolute individual ion mobility ut (10-4 cm2 v-1 s-1) of 
the species for the complex formation of terbium with glycolate, 
D-gluconate and a-isosaccharinate ligands. Background electrolyte: 
Na(OH)CIO,, I'= 0.1, pH= 7.00(5), T = 298.1 (I) K. 
Ligand 
Glycolate 
D-gluconate 
a-Isosaccharinate 
5.63(16) 5.73(16) 3.82(11) 3.82(11) 
5.40(6) 5.49(6) 3.66(4) 3.66(4) 
5.37(1 I) 5.46(1 I) 3.64(2) 3.64(2) 
1.91(5) 
1.83(2) 
1.82(1) 
a: overall ion mobility ofTbH species in Na(OH)CI04 free from ligand. 
For the investigated ligands, trivalent metal cations such as 
Tb'+ form complexes whose stability, in particular if ex-
pressed via the overall stability constants log {J3, increases 
in the order glycolate < D-gluconate < a-isosaccharinate. 
At 0.1 M ligand concentration, the main species are TbL, + 
and TbL3 for complexation with glycolate and D-gluconate, 
while for complexation with a-isosaccharinate the main 
species is TbL3 (see windows in Figs. I, 2 and 3). The 
hydrolysis product Tb(OH)'+ disappears at a ligand concen-
tration higher than I0-3 M. 
Conclusion 
Values of the formation constants for the reactions of Tb3+ 
with glycolate, D-gluconate and a-isosaccharinate in neu-
tral perchlorate solutions at T = 298.1(1) K, pH= 7.00(5) 
logK1 log K 2 logK3 log fJ3 Ref. 
2.72(18) 1.73(19) 1.12(17) 5.57(54) This work 
2.82" 2.09" 1.12" 6.03" [201 
2.96(11) 2.60(1 I) 1.13(9) 6.69(31) This work 
2.47' 2.20' 1.11(9)' [20] 
3.07(8) 2.69(1 I) 1.80(12) 7.56(31) This work 
602 
and f1 = 0.1 have been evaluated by measuring the over-
all ion mobility of the complexes using the free electrolyte 
electromigration technique. Complexation formation con-
stants of terbium with glycolate and D-gluconate are close 
to literature values. Tb'+ as a model element for trivalent 
lanthanides and actinides forms complexes whose stabil-
ity, in particular if expressed via the overall stability con-
stants log fJ3, increases in the order glycolate < D-gluconate 
< a-isosaccharinate. However, gluconic acid and a-ISA as 
close structure analogues thus form complexes of not very 
different stability. Glycolic acid, having one hydroxyl group 
less, shows a lower tendency for complex formation. 
The absolute individual ion mobilities of TbL'" J-m -com-
plexes as well as those involved in hydrolysis formation 
have been identified. A knowledge of these characteristics 
is a prerequisite for subsequent investigation of relevant 
equilibria in alkaline solution. In this context the presented 
method is useful to study the complex formation occurring 
parallel to secondary processes such as hydrolysis of cations. 
Further measurements will be made at high pH (12-13) in 
order to investigate the expected stronger complexes. 
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